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GEOLOGY  AND  MINERALOGY  OF  THE  POLYMETALLIC 
SULFIDE  MINERALIZATION  AT  JABAL  SA'ID1 

By  Hussein  Sabir2 


Abstract. — The  Jabal  §a’id  deposit  is  contained  within  felsic 
pyroclastic  rocks  belonging  to  the  upper  part  of  the  upper 
Proterozoic  Hulayfah  (Halaban)  group.  The  deposit  consists  of 
several  stratabound  lenses  of  massive  sulfides  and  accompanying 
stringer  sulfides,  the  latter  forming  pipelike  bodies  in  altered 
pyroclastic  rocks  immediately  underlying  the  zone  of  massive 
sulfides.  Both  the  sulfide  bodies  and  the  host  rocks  have  been 
subjected  to  complex  folding.  A  detailed  study  of  the  hydrothermal 
alteration  zone  and  of  the  country  rocks  enveloping  the  stringer 
sulfides  indicates  an  estimated  formation  temperature  of  about  350° 
to  400°C  and  the  existence  of  a  greenschist  facies  metamorphism  for 
the  country  rocks.  Principal  constituents  of  the  ore  are  pyrite, 
chalcopyrite,  and  sphalerite.  Pyrrhotite,  magnetite,  galena, 
cubanite,  and  arsenopyrite  occur  in  minor  quantities,  together  with 
trace  amounts  of  ilmenite,  cassiterite,  hematite,  mackinawite, 
marcasite,  tetrahedrite,  cobaltite,  gold,  and  various  tellurides;  these 
tellurides  are  the  principal  silver  carriers  in  the  ore.  The  chief 
gangue  minerals  are  quartz,  carbonates,  chlorite,  muscovite 
(sericite),  and  trace  amounts  of  apatite,  epidote,  and  fluorite.  Sulfide 
textures  within  the  ore  are  varied  and  complex.  They  include 
skeleton-shaped,  framboidal,  colloform,  exsolution,  and  cataclastic 
textures.  The  various  geologic  and  metallogenic  features  of  the 
Jabal  §a’id  deposit  suggest  a  primary  volcanosedimentary 
deposition  of  the  sulfides  in  close  genetic  relationship  to  the  volcanic 
environment.  These  features  may  have  useful  applications  in  the 
search  for  polymetallic  sulfide  deposits  in  the  Precambrian  of  Saudi 
Arabia  and  suggest  certain  guidelines  to  be  considered  in 
exploration.  The  textural  relationship  of  the  major  sulfides  and 
their  size  distribution  favor  bulk  flotation  processing  of  the  ore  and  a 
possible  recovery  of  silver  from  the  associated  tellurides. 
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Sultan,  and  H.E.  Shaikh  Abdullah  Balkhair  for  their  continuous 
encouragement  throughout  this  work  and  to  the  Deputy  Ministry 
for  Mineral  Resources  for  the  entire  financial  support  of  this  work, 
the  result  of  which  was  submitted  as  a  Doctoral  Thesis  at  the 
Universite  d’Orleans  in  March  1979.  He  is  also  particularly  grateful 
to  J.  Trichet,  Z.  Johan,  J.  C.  Touray,  P.  Routhier,  J.  Bouladon,  J. 
Agard,  G.  Pouit,  A.  A1  Shanti,  and  J.  Delfour  for  their  close 
involvement  in  his  studies.  Finally,  respectful  acknowledgment  is 
paid  to  the  staff  of  the  Bureau  de  Recherches  Geologiques  et 
Minieres,  both  in  Jiddah  and  in  Orleans,  for  scientific  and  technical 
assistance  throughout  the  period  of  this  research. 


INTRODUCTION 
Geographic  setting 

LOCATION 

The  Jabal  §a’id  area  is  located  on  the  Najd  plateau  in  the 
western  part  of  the  Precambrian  Shield  of  the  Kingdom  of 
Saudi  Arabia  (fig.  1)  at  an  altitude  of  about  1 000  m.  The 
mapped  area  (pi.  1)  is  situated  between  lat  23°45'00"  N.  and 
23°58'32"  N.  and  long  40°50'00"  E.  and  41  WOO"  E.  and  is 
about  150  km  southeast  of  the  town  of  A1  Madlnah  and  40  km 
northeast  of  the  ancient  gold  mine  of  Madh  adh  Dhahab. 


ACCESSIBILITY 

Jabal  §a’id  is  accessible  throughout  the  year.  From  the 
seaport  of  Jiddah,  it  can  be  reached  by  (1)  driving  along  the 
Jiddah-Al  Ta’if  highway  and  turning  north  about  40  km 
from  At  Ta’if  onto  the  ‘Ushayrah-Mahd  adh  Dhahab  road  (a 
total  distance  of  about  500  km,  230  km  of  which  are  paved 
road  and  270  km  of  which  are  desert  track)  or  (2)  driving 
along  the  Jiddah-Al  Madlnah  highway  and  turning  south 
about  70  km  from  A1  Madlnah  (a  total  distance  of  about  600 
km,  480  km  of  which  are  paved  road  and  120  km  of  which  are 
desert  track).  Numerous  desert  tracks  over  which  vehicles 
can  pass  exist  throughout  the  area. 


CLIMATE 

The  area  has  a  semiarid  tropical  climate  with  a  wide 
range  of  temperatures  throughout  the  year.  From  June  to 
September,  the  area  is  characterized  by  hot  weather, 
temperatures  reaching  about  40°C.  During  the  winter 
season,  particularly  from  December  to  February,  occasional 
rainfall  and  cold  winds  are  common,  and  the  temperature 
may  drop  close  to  0°C. 


1  Manuscript  received  2  April  1980,  approved  23  June  1980. 

2  Bureau  de  Recherches  Geologiques  et  Minieres,  Jiddah,  Saudi  Arabia. 
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FIGURE  1. — General  location  map  of  the  Jabal  §a’id  area. 
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Previous  work 

Regional  geologic  mapping  of  Jabal  §a’id  was  first 
undertaken  by  Brown  and  others  (1963)  as  part  of  the 
1:500  000-scale  regional  coverage  of  the  Southern  Hijaz 
quadrangle.  They  provided  a  basic  stratigraphic  column  for 
the  major  Precambrian  units  in  Saudi  Arabia,  in  which  the 
Jabal  §a’id  sequence  is  correlated  with  the  Halaban 
Andesite. 

Later,  Aguttes  and  Duhamel  (1971),  Alabouvette  (1974), 
and  Bournat  (1981)  mapped  the  area  as  pyroclastic  Halaban 
at  scales  of  1:100000,  1:20000,  and  1:2000,  respectively. 
During  a  study  of  the  regional  geology,  Sabir  (1975)  mapped 
the  area  at  scales  of  1:50000,  1:5000,  and  1:1000  and 
correlated  the  volcanic  sequence  with  the  upper 
stratigraphic  subdivision  of  the  Hulayfah  (Halaban)  group. 
Subsequently,  G.  Jourde  (unpub.  map,  1976)  remapped  the 
area  at  a  scale  of  1:5  000. 

Initial  descriptions  of  the  Jabal  §a’id  mineralization  were 
given  briefly  by  Z.  Johan,  P.  Picot,  and  C.  Laforet  between 
1966  and  1971.  Synthetic  studies  and  investigations  dealing 
with  the  Jabal  §a’id  deposit  and  with  other  sulfide  deposits 
in  Saudi  Arabia  were  presented  by  Bouladon  (1968), 
Conraux  and  others  (1969),  and  Delfour  (1970,  1975a,  in 
preparation)  and,  more  recently,  by  Routhier  and  Delfour 
(1975),  Roberts  (1976),  Sabir  (1976,  1978),  and  Sabir  and 
Roberts  (1977). 

Present  work 

The  present  study  of  the  polymetallic  mineralization  at 
Jabal  §a’id  is  based  on  (1)  detailed  geologic  mapping  of  the 
deposit  area,  (2)  study  of  over  200  polished  sections  of 
representative  ore,  (3)  petrographic  study  of  100  thin 
sections  representative  of  the  various  volcanic  and 
volcanosedimentary  rocks  at  Jabal  §a’id,  and  (4)  electron 
microprobe  analyses  of  mineral  phases.  In  addition,  more 
than  200  other  mineralized  specimens  from  Nuqrah,  Jabal 
ash  Shizm,  Mahd  adh  Dhahab,  and  A1  ‘Amar  were  studied  in 
detail  for  comparative  purposes. 

The  polished  and  thin  sections  examined  from  the  Jabal 
$a’id  deposit  were  selectively  and  systematically  collected 
from  cores  of  19  drill  holes  (SA  4,  SA  6,  SA  8,  SA  22,  SA  24, 
SA  26,  SA  27,  SA  36,  SA  38,  SA  40,  SA  41,  SA  45,  SA  46,  SA 
47,  SA  48,  SA  53,  SA  106,  SA  107,  and  SA  112),  which 
intersect  the  mineralized  zones  in  different  directions  and  at 
varying  depths.  Examination  of  the  cores  was  done  both  in 
the  field  and  at  the  Bureau  de  Recherches  Geologiques  et 
Minieres  (BRGM)  facilities  in  Jiddah;  the  laboratory  work 
was  carried  out  at  the  BRGM  Laboratory  Department  in 
Orleans. 

The  observations  and  suggestions  made  in  this  study  may 
lead  to  a  better  understanding  of  the  environment  of 
formation  of  the  Jabal  Sa’id  deposit  and  other  polymetallic 
sulfide  deposits  in  Saudi  Arabia  and  may  contribute  to 
future  ore-dressing  research. 


GEOLOGIC  SETTING 

Review  of  Precambrian  units  in  Saudi  Arabia 

The  Precambrian  Shield  of  Saudi  Arabia  comprises  the 
basement  terrain  in  the  western  and  southern  parts  of  the 
Kingdom.  The  main  lithostratigraphic  divisions  recognized 
by  the  various  geological  parties  working  in  the  Shield 
include,  from  the  bottom  upward: 

1.  Urd  group:  Ophiolitic  complexes  with  serpentinite, 

metagabbro,  metabasalt,  spilite,  chert,  and 
carbonatized  rocks,  followed  by  marble,  rhyolitic 
tuff,  actinolite  schist,  graywacke,  and  conglomerate 
(Delfour,  1979). 

2.  Hulayfah  (Baish,  Bahah,  Jiddah,  Halaban)  group: 

Basal  conglomerate,  graywacke,  and  marble, 
followed  by  thick  andesite  and  basaltic  flows  and 
then  by  acidic  pyroclastic  tuff  and  breccia,  jasper, 
marble,  tuffite,  and  polygenic  conglomerate 
(Delfour,  in  preparation;  Greenwood  and  others, 
1975;  Dodge  and  others,  1978;  Hadley  and  Schmidt, 
1978).  Kemp  (1978;  personal  commun.)  recently 
correlated  the  Hulayfah  group  with  the  A1  Ays  group 
in  northwestern  Saudi  Arabia. 

3.  Murdama  group:  Molasse-type  sedimentary  and 

clastic  rocks  including  basal  conglomerate,  volcanic 
and  calcareous  sandstone,  marble,  shale,  and  slate, 
intercalated  with  andesitic  and  rhyolitic  flows 
(Greenwood  and  others,  1975;  Delfour,  in 
preparation;  Schmidt  and  others,  1978). 

4.  Shammar  group:  Mostly  rhyolite  and  ignimbrite  with 

subordinate  pyroclastic  rocks  and  sandstone. 

5.  Jibalah  group:  Basal  conglomerate,  cherty  lime¬ 

stone,  shale,  and  andesitic  and  basaltic  flows 
(Delfour,  1979). 

Each  group  was  accompanied  or  followed  by  plutonic  and 
tectonic  phases.  Recent  radiometric  dating  carried  out  by 
the  U.S.  Geological  Survey  (USGS)and  BRGM  indicate  that 
these  groups  range  in  age  from  about  800  to  520  m.y.  The 
underlying  older  basement  rocks  comprising  granite, 
diorite,  gabbro,  orthogneiss,  amphibolite,  and  biotite  schist 
range  in  age  from  900  to  1 150  m.y.  (Brown  and  Jackson, 
1978;  Delfour,  in  preparation;  Dodge  and  others,  1978). 

Regional  geology  of  the  Jabal  §a’id  area 

The  Jabal  §a’id  area  consists  of  a  sequence  of 
Precambrian  volcanic  and  volcanosedimentary  rocks 
forming  part  of  a  belt  of  the  Hulayfah  group  of  late 
Proterozoic  age.  According  to  Delfour  (in  preparation),  this 
group  forms  one  of  the  basic  stratigraphic  units  of  the 
Precambrian  Arabian  Shield  and  can  be  divided 
stratigraphically  into  two  main  parts: 

1.  The  lower  part  forms  the  Afna  formation,  which 
comprises  basal  conglomerate,  graywacke,  marble, 
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and  thick  piles  of  andesite  and  basalt  flows,  partly 
amygdaloidal  and  pillowed,  with  subordinate  related 
tuff,  agglomerate,  and  rare  marble  lenses. 

2.  The  upper  part,  or  Nuqrah  formation,  begins  with 
rhyolitic  crystal  and  lapilli  tuff  and  breccia  that 
locally  show  chloritization,  sericitization,  and 
polymetallic  sulfide  mineralization,  associated  with 
subordinate  basic  and  acidic  lavas  and  pyroclastic 
rocks.  This  assemblage  is  followed  by  alternating 
tuffite,  jasper,  marble,  rhyolitic  and  andesitic  flows, 
and  related  tuff  and  breccia  and  then  by  a  thick 
sequence  of  tuffite  and  polygenic  conglomerate  that 
locally  rest  unconformably  on  the  underlying 
assemblages. 

By  virtue  of  its  geologic  characteristics  and  structural 
setting,  the  rock  sequence  cropping  out  at  Jabal  §a’id  has 
been  assigned  to  the  Nuqrah  formation,  whose  northern 
extension  in  the  mapped  area  (pi.  1)  is  truncated  by  a  reverse 
fault  separating  it  from  the  Bi’r  ‘Umq  ophiolitic  complex.  To 
the  east  and  southeast,  the  Nuqrah  formation  is  cut  by 
granitic  and  granodioritic  intrusions,  whereas,  to  the  west 
and  southwest,  it  is  segmented  by  the  Wadi  al  ‘Aqiq  wrench 
fault,  which  displaces  it  several  kilometers  to  the  southeast 
and  brings  it  into  contact  with  younger  rocks  of  the 
overlying  Murdama  group  (fig.  2). 


o  o  o  o  o  o  o 
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Alkalic  granite 
Murdama  group 

Hulayfah  group 
Ophiolitic  complex 


LITHOLOGIC  SEQUENCES 


*  *x  ^  Older  granitic-  granodioritic  rocks 


From  regional  and  detailed  geologic  mapping  and 
correlation,  three  main  lithologic  sequences  have  been 
established  within  the  Nuqrah  formation  at  Jabal  §a’id; 
from  bottom  to  top,  they  are  the  rhyolitic  subunit,  the 
andesitic  subunit,  and  the  volcanosedimentary  (epiclastic) 
unit  (fig.  3  and  4). 


Geologic  contact 


Reverse  fault  inferred 


Fault 


Rhyolitic  subunit 

The  rhyolitic  subunit  comprises  1050  m  of  mostly 
rhyolitic  crystal  and  lapilli  tuff  and  rhyolitic  breccia  with 
subordinate  basic  and  felsic  lavas  and  pyroclastic  rocks. 
This  lithologically  differentiated  assemblage  shows  locally 
intense  zones  of  sericitization,  chloritization,  and 
silicification  and  is  the  host  of  the  massive  sulfide 
mineralization  at  Jabal  §a’id.  The  constituent  pyroclastic 
and  interfingering  facies  of  this  subunit  will  be  discussed  in 
a  later  section. 


Andesitic  subunit 

Attaining  a  thickness  of  about  1800  m,  the  andesitic 
subunit  shows,  from  bottom  to  top,  two  gradational 
pyroclastic  facies  (pi.  1): 

1.  A  dacitic  tuffaceous  and  agglomeratic  facies  of 
dark-green  porphyritic  rock  contains  coarse 
euhedral  and  broken  quartz  crystals  and  epidote. 


■  Jabal  §a'id  deposit 

FIGURE  2.— Regional  geologic  setting  of  the  Jabal  $a’id  deposit 
(Delfour,  in  preparation;  Sabir,  1975). 


The  upper  boundary  of  this  facies  is  marked  by  the 
occurrence  of  small  stratiform  lenses  of  red  jasper 
and  thin  intercalations  of  altered  rhyolitic  tuff.  G. 
Jourde  (unpub.  map,  1976)  considered  this  facies  to 
be  the  lateral  equivalent  of  the  rhyolitic  subunit. 
Although  no  clear  evidence  of  chloritization  or 
sericitization  can  be  seen  at  the  outcrop  surfaces  of 
this  facies,  massive  sulfide  lenses  with  poor  copper 
and  zinc  grades  have  been  encountered  in  its  lower 
parts  (drill  holes  SA  36,  SA  27,  and  SA  7). 

2.  A  homogeneous  facies  of  more  basic  character 
comprises  greenish  andesitic  tuff,  which  grades 
upward  into  agglomeratic  rock  consisting  of  angular 
to  subrounded  volcanic  fragments  cemented  by 
andesitic  material.  This  facies  thickens  westward, 
where  it  is  intruded  locally  by  alkalic  granite. 
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FIGURE  3— Geologic  cross  section  at  Jabal  §a’id. 
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FIGURE  4.— General  view  of  the  Jabal  §a’id  area  showing  rhyolitic  tuff  and  breccia  (rt),  ignimbrite 
(r),  dacitic  volcanic  rocks  (dc)  and  andesitic  volcanic  rocks  (atb),  and  epiclastic 
volcanosedimentary  rocks  (V S).  The  Main  Gossan  (MG)  and  the  East  Gossan  (EG)  are  offset  from 
each  other  by  a  fault  (F). 


Volcanosedimentary  unit 

The  volcanosedimentary  (epiclastic)  unit  comprises  a 
group  of  detrital  volcanosedimentary  rocks— mostly 
volcanic  sandstone  (tuffite)  with  subordinate  volcanic 
conglomerate,  reworked  volcanic  breccia,  and  volcanic 
siltstone.  These  differentiated  detrital  facies  form  the  upper 
part  of  the  Nuqrah  formation  and  testify  to  the  degradation 
of  the  underlying  volcanic  facies. 

The  northern  extension  of  the  unit  is  marked  by  a  tectonic 
contact  with  an  older  “ophiolitic  complex”  suite.  Eastward, 
it  thickens  and  is  intruded  by  red  biotite  granite  (gm)  (see  pi. 
1).  To  the  south,  it  has  a  gradational  and  characteristically 
irregular  boundary  with  the  andesitic  subunit.  To  the  west 
and  southwest,  along  Wadi  al  Far‘ah,  this  contact  is 
somewhat  obscured,  as  the  andesitic  rocks  display  a 
continuous  transition  into  a  sequence  of  volcanic  breccia  and 
conglomerate  intercalated  with  fine-grained  beds  of 
volcanic  sandstone  that  lithologically  forms  the  dominant 
facies  northward.  The  transitional  zone  thins  out  eastward, 
and  the  contact  becomes  more  clear,  where  well-bedded 
layers  of  volcanic  sandstone  display  conformable  contacts 
with  the  underlying  andesitic  rocks.  Further  east,  a  lateral 
facies  change  occurs;  here  the  volcanic  sandstone  grades  into 
subconcordant  conglomeratic  lenses  that  progressively 
transgress  and  overlap  the  andesitic  ensemble.  The 
recurrence  of  the  tuffitic  facies  toward  the  southeast  is 
marked  by  the  appearance  of  thin-bedded  volcanic 
sandstone  intercalated  with  conglomeratic  lenses  that 
unconformably  overly  the  rhyolitic  subunit  (fig.  4). 


Owing  to  structural  complexity  and  the  difficulty  in 
defining  the  true  top  of  the  volcanosedimentrary  unit,  its 
exact  thickness  cannot  be  determined;  estimates  range  from 
4  000  to  4  500  m. 


STRUCTURE 

Folds 

The  Jabal  §a’id  area  is  marked  by  a  complex  regional 
structural  pattern  in  which  three  main  units  can  be 
established  on  the  basis  of  their  stratigraphic  and  tectonic 
setting.  From  south  to  north,  these  are: 

1.  Unit  1  comprises  a  rhyolitic  subunit  facies  with 

outcropping  felsic  pyroclastic  rocks.  The  rocks  have 
been  folded  into  a  complex  asymmetric  anticlinal  arc 
trending  north-northeast  and  locally  intruded  by 
large  massifs  of  alkalic  granite  (pi.  1).  To  the  south, 
the  unit  is  bounded  by  the  Wad!  al  ‘Aqlq  structure — a 
northwest-trending  graben  controlled  by  the  Wadi  al 
‘Aqlq  fault. 

2.  Unit  2  contains  an  andesitic  subunit  facies  in 

which  the  andesitic-dacitic  rocks  have  been  folded 
into  a  monoclinal  ridge  striking  N.  65°  E.  with  an 
average  dip  of  50°  NW.;  this  corresponds  to  the 
general  structural  trend  in  the  area  (see  pi.  1). 

3 r  Unit  3  comprises  the  elongate  basin  north  and  east  of 
the  volcanic  rocks  and  contains  well-bedded 


GEOLOGIC  SETTING 


7 


volcanosedimentary  rocks  striking  N.  70°-80°  E. 
with  a  dip  that  varies  between  50°  and  80°  NW.  This 
structural  conformity  to  the  underlying  andesitic 
subunit  is  clear  in  the  western  and  central  parts  of 
the  mapped  area.  Toward  the  east,  however,  a  local 
unconformity  occurs  where  the  volcanosedimentary 
unit  rests  directly  on  the  rhyolitic  subunit  (pi.  1  and 
2). 


Faults 

The  faults  affecting  the  Nuqrah  formation  follow  the  two 
dominant  trends  of  the  Najd  fault  system:  (1)  a  N.  70°  E. 
trend,  exemplified  by  the  reverse  Bi’r  TJmq  fault  that 
exposed  the  older  ophiolitic  complex  and  brought  it  into 
contact  with  younger  rocks  of  the  Nuqrah  formation,  and  (2) 
a  N.  50°  W.  trend,  displayed  by  the  lateral  Wadi  al  Far'ah 
fault  that  offsets  the  andesitic-dacitic  contact  about  2  km  to 
the  southeast,  and  the  Wad!  al  ‘Aqiq  fault,  which  displaces 
the  Nuqrah  formation  to  the  Umm  ad  Damar  area  located 
about  25  km  southeast  of  Jabal  §a’id.  Minor  north-south  to 
northeast-striking  faults  cut  the  volcanic  rocks  in  the  area. 


Geology  of  the  Jabal  §a’id  deposit 

The  geology  of  the  Jabal  §a’id  deposit  area,  as  shown  on 
the  maps  (pi.  2  and  3),  is  based  on  data  obtained  from 
detailed  surface  mapping  and  subsurface  diamond  drilling. 
The  rhyolitic  pile  (rhyolitic  subunit),  which  hosts  the  ore,  is 
made  up  of  complexly  folded  and  faulted 
volcanosedimentary  rocks  comprising  a  differentiated 
assemblage  of  rhyolitic  facies.  Owing  to  structural 
complexity,  rapid  facies  changes,  and  obscurity  of  the 
primary  texture  of  the  rocks  in  the  area,  the  chronological 
relationship  of  these  facies  is  highly  obscured.  However,  the 
zoned  character  of  the  hydrothermal  alteration  and  the 
presence  of  sedimentary  features  in  the  immediate  vicinity 
of  the  deposit  (Main  Gossan  area,  pi.  3;  northeast  area,  pi.  2) 
suggest  a  southeast  to  northwest  lithologic  succession, 
conformable  with  the  structural  interpretation. 


LITHOSTRATIGRAPHY 

From  the  base  upward,  the  following  lithostratigraphic 
sequence  has  been  established: 

1.  Andesite:  Black  fine-grained  andesite  locally 

contains  small  crystals  of  pyrite  (see  pi.  1). 

2.  Rhyolitic  tuff  and  breccia :  A  differentiated 

pyroclastic  assemblage  comprises  fragmental  acidic 
rocks  of  rhyolitic  tuff  and  breccia,  intercalated  with 
banded,  thin-bedded,  or  flow-textured  tuff,  and 
locally  thin  beds  of  cherty  tuffite.  The  rhyolitic  tuff 
commonly  contains  crystals  (quartz  and  feldspars) 
and  lapilli  (rhyolitic  pumice)  and  ranges  from 
massive  to  well  bedded.  The  rhyolitic  breccia  is 


massive,  pumiceous,  and  commonly  coarse  grained 
with  centimeter-sized  components.  These  facies  form 
the  footwall  of  the  Jabal  $a’id  mineralization  and  are 
locally  marked  by  hydrothermal  alteration  with 
development  of  chlorite  and  pyrite  giving  way  to 
bleaching  and  reddening  by  weathering  (pi.  2  and  3). 
In  a  recent  geological  survey  of  the  area  of  the 
deposit,  G.  Jourde  (personal  commun.,  1976) 
recognized  an  andesitic  facies  that  marks  the 
southern  extremity  of  the  rhyolitic  assemblage.  The 
“andesite”  is  greenish  and  fine  grained  and  locally 
exhibits  pillowlike  structures  suggestive  of 
submarine  mafic  flows.  The  hydrothermally  altered 
facies  are  intruded  locally  by  small  masses  of 
rhyolite,  which  occur  in  the  form  of  stocks  or 
continous,  relatively  thick  dikes  having  well-defined 
contacts  with  the  intruded  fragmental  acidic  rocks. 
They  are  generally  massive,  schistose,  and  strongly 
altered  (silicified  and  chloritized).  On  their  outcrop 
surfaces,  these  intrusive  bodies  locally  show  copper 
stains,  but,  where  they  are  encountered  in  drill  holes, 
they  are  commonly  barren  or  locally  contain 
disseminated  pyrite  (for  example,  drill  holes  SA  41 
and  SA  47).  Several  types  of  rhyolite  have  been 
indentified  in  the  field  (Sabir,  1975).  Generally,  they 
are  greenish  and  contain  well-developed  quartz 
crystals;  where  they  occur  in  the  zone  of  intense 
hydrothermal  alteration,  however,  they  are  reddish 
to  pinkish,  very  fine  grained,  and  completely 
silicified  (pi.  2). 

3.  Chert  (or  jasper):  The  footwall  rocks  are  overlain 

by  a  layer  of  chert  whose  dominant  facies  consists  of 
red  or  gray-black  homogeneous  masses  that  locally 
contain  limonite  and  boxworks  of  pyrite.  These 
siliceous  rocks  crop  out  in  discontinuous  beds 
generally  conformable  to  the  stratification  (pi.  2). 
However,  toward  the  southwest  of  the  Main  Gossan 
(pi.  3),  the  chert  is  tectonized  and  fractured  into  small 
rounded  fragments  that  are  set  in  a  matrix  rich  in 
calcareous  material.  This  chert  layer,  which  forms 
the  hanging  wall  of  the  mineralization,  was 
encountered  in  several  drill  holes  where  it  is  seen  to 
be  whitish  gray,  brecciated,  and  locally  intercalated 
with  calcareous  rock.  It  commonly  incorporates 
small  red  jasper  fragments  and  is  cut  by  abundant 
veinlets  of  calcite. 

4.  Flow-textured  rhyolite  (ignimbrite):  Cropping  out 

chiefly  along  the  western  face  of  the  Main  Gossan  hill 
(fig.  5),  this  facies  comprises  greenish-gray  rocks 
that  are  often  bedded  or  flow  textured  (pi.  3).  At  this 
locality,  it  is  intercalated  with  thin  lenses  of  dolomite 
carbonate  that  are  generally  conformable  to  the 
stratification  and  is  locally  intruded  by  a  flow  of 
black  aphanitic  rhyolite  (pi.  3).  Eastward,  it  grades 
into  calcareous  rhyolitic  tuff. 

5.  Graphitic  tuffite:  The  felsic  sequence  culminates  in 

a  thin  layer  of  fine-grained  material  consisting  of 
graphitic  tuffite  and  reworked  crystal  and  lapilli  tuff 
(pi.  2).  To  the  northwest,  this  local  tuffitic  facies  is 
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disposition  of  the  axial  plane  apparently  led  to  a  diversion  of 
the  structure  toward  the  east-northeast,  which  explains  its 
asymmetric  pattern. 

In  detail,  this  early  phase  of  deformation  is  further 
complicated  by  the  presence  of  minor  folds.  In  the  vicinity  of 
the  Main  Gossan,  the  strata  are  overturned  and  dip  60°  to  90° 
E.  (pi.  3);  J.  Delfour  (unpub.  data,  1974)  considered  this 
attitude  to  be  related  to  a  faulted  synclinal  fold  that  affected 
the  hydrothermally  altered  rocks  and  the  associated  sulfide 
masses.  About  700  m  to  the  northeast,  the  felsic  volcanic 
rocks  are  again  folded  and  merge  in  the  core  of  a  small 
anticlinal  nose  to  form  the  little  hill  situated  to  the  north  of 
the  East  Gossan.  At  this  locality,  the  beds  show  divergent 
dips  of  between  70°  and  90°. 

These  minor  folds  can  be  related  to  a  later  phase  of 
deformation  that  affected  the  felsic  rhyolitic  sequence. 
Subsequently,  they  were  subjected  to  the  N.  65°  E. 
deformation  phase,  which,  as  already  outlined,  marks  the 
general  structural  trend  in  the  area.  According  to  G.  Jourde 
(unpub.  map,  1976),  this  last  phase  was  further  affected  by  a 
fourth  N.  50°  W.  deformation  phase  that  brought  about 
strong  penetrative  schistosity  cutting  across  all  the 
formations. 


FIGURE  5. — View  of  the  Main  Gossan  and  the  East  Gossan  at  Jabal 
Sa’id  showing  chert  (ch)  and  ignimbrite  (r). 

overlain  by  dacitic  tuff  with  quartz  crystals  that 
grade  upward  into  the  andesitic  ensemble. 

All  of  this  sequence  is  intruded  by  small  but  commonly 
continuous  dikes  of  microdiorite,  diabase,  rhyolite,  and 
microgranite. 


STRUCTURE 

Folds 

The  complex  structural  pattern  of  the  deposit  area  shows 
that  it  has  been  strongly  and  inhomogeneously  deformed. 
The  felsic  facies  enclosing  the  deposit  show  an  overall 
deflection  in  strike  from  north-south  (south  of  the  Main 
Gossan)  to  east-northeast  (east  of  the  East  Gossan)  and 
outline  an  asymmetric  semicircular  arc  in  which  the 
majority  of  the  beds  are  very  steeply  dipping  (70°-90°).  This 
deflection  of  the  structure  is  well  expressed  by  the  fluidity, 
the  stratification,  and  the  red  jasper  bed,  as  shown  in  plates  2 
and  3. 

Most  of  the  rhyolite,  rhyolitic  tuff,  and  breccia  are 
characterized  by  strong  schistosities  of  variable  orientation 
and  genesis.  Excluding  those  schistosities  that  correspond  to 
local  shear  zones  (south  of  the  Main  Gossan;  see  pi.  3),  the 
most  significant  and  well-developed  schistosity  observed  in 
the  area  shows  a  dominant  N.  30°  W.  trend  with  an  average 
dip  of  about  85°  SW.;  it  presumably  defines  and  conforms  to 
the  axial  plane  of  an  anticlinorium  fold  trending  north  to 
northwest  and  dipping  steeply  toward  the  southwest.  This 


Faults 

Brittle  deformation  of  this  rhyolitic  sequence  is 
manifested  by  two  major  faults: 

1.  A  N.  70°  E.-trending  dextral  fault  that  offsets  the 

northern  extremity  of  the  Main  Gossan  and  the  flow- 
textured  rhyolite  for  a  distance  of  about  400  m  to  the 
east-northeast  (pi.  3).  In  the  East  Valley  area  (pi.  2), 
the  trace  of  this  fault  is  well  marked  by  a  fine-grained 
dike  of  rhyolite  several  tens  of  meters  long.  At  this 
locality,  it  can  be  seen  that  the  East  Gossan,  the 
jasper,  and  the  flow-textured  rhyolite  are  in  fault 
contact  with  the  rhyolitic  crystal  and  lapilli  tuff  and 
rhyolitic  breccia  that  show  evidence  of  strong 
hydrothermal  alteration.  In  the  Main  Gossan  area, 
the  trend  of  this  fault  is  further  illustrated  by  the 
development  of  several  open  fissures  that  have  been 
filled  with  veins  of  hematite  (pi.  3). 

2.  A  N.  50°  W.-trending  fault  that  appears  very  clearly  to 

the  northeast  of  the  East  Gossan  (pi.  2),  where  it 
displaces  the  flow-textured  rhyolite  and  the  jasper 
for  a  distance  of  about  30  m  to  the  northwest. 

Minor  north-south-  to  N.  10°  E.-trending  faults  cut  the 
pyroclastic  rocks  and  the  jasper,  particularly  to  the 
southwest  of  the  Main  Gossan,  where  their  presence  is 
indicated  by  a  shear  zone  of  crushing  and  brecciation  (pi.  3). 

Petrogenesis  of  the  volcanic  suite 

.  The  basic  work  of  Brown  and  others  (1963)  and, 
subsequently,  of  Delour  (in  preparation)  on  regional 
mapping  and  stratigraphic  correlation  of  the  Precambrian 
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FIGURE  6.— Plot  of  Niggli  alk-si  values  for  the  Hulayfah  group  volcanic  rocks  (after  Delfour,  in  preparation). 


units  in  Saudi  Arabia  has  shown  that  the  rock  sequence 
cropping  out  in  the  Jabal  §a’id  area  forms  part  of  a  thick 
volcanic  episode  in  the  central  and  northern  parts  of  the 
Shield— namely,  the  Hulayfah  (Halaban)  group.  The  upper 
part  of  the  volcanic  pile  of  this  group  is  generally  dominated 
by  basic  and  acidic  pyroclastic  rocks  and  fragmental  rocks 
(Nuqrah  formation),  whereas  the  lower  part  shows 
increasingly  basic,  commonly  massive,  and  sometimes 
pillowed  lava  flows  (Afna  formation). 

The  volcanic  suite  is  generally  characterized  by 
interfingering  volcanic  facies,  with  rapid  lateral  and 
vertical  variations,  that  are  locally  intercalated  with  cherty 
beds,  calcareous  dolomitic  lenses,  and  tuffitic  and  graphitic 
horizons.  They  are  commonly  overlain  by  clastic  sediments, 
chiefly  volcanic  sandstone  and  conglomerate.  These  features 
testify  to  rapid  and  violent  paleovolcanism,  with  subaqueous 
to  subaerial  deposition  and  subsequent  erosion  and 
sedimentation,  along  a  mobile  undulating  zone  resembling 
island-arc  environments. 

Chemical  analyses  of  representative  rocks  from  various 
localities  in  the  Arabian  Shield  show  that  the  Hulayfah 
group  volcanic  rocks  are  marked  by  a  calc-alkalic  affinity 
(fig.  6)  similar  to  that  of  orogenic  zones  or  island-arc  systems 


(Jackaman,  1972;  Greenwood  and  others,  1975;  Delfour,  in 
preparation). 

Dodge  and  others  (1978)  maintained  that  the  Halaban 
(Hulayfah)  group  volcanic  rocks  evolved  by  partial  melting 
and  fractional  crystallization  of  a  parental  oceanic  crust. 
Delfour  (in  preparation),  on  the  other  hand,  recognized 
ancient  granitic  terrains  bordering  the  isoclinally  folded 
belts  of  these  volcanic  rocks  and  suggested  that  volcanism 
probably  developed  along  continental  sialic  forelands,  an 
interpretation  that  is  supported  by  the  presence  of  well- 
rounded  granitic  boulders  in  some  volcanosedimentary 
layers. 

Summary 

The  rock  units  cropping  out  in  the  Jabal  §a’id  area  belong 
to  a  major  lithostratigraphic  division  of  the  northern 
Arabian  Shield— namely,  the  Hulayfah  (Halaban)  group,  of 
which  the  upper  part,  or  Nuqrah  formation,  forms  the  chief 
lithostratigraphic  sequence  in  the  area.  This  formation 
comprises  two  genetically  distinct  lithological  sequences:  (1) 
a  volcanic  pyroclastic  sequence  of  andesitic,  dacitic,  and 
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rhyolitic  tuff  and  breccia  associated  with  subordinate  lava 
flows  and  interbedded  with  sedimentary  layers,  which 
testifies  to  a  paleovolcanic  activity  in  subaerial  to 
subaqueous  environment,  and  (2)  a  volcanosedimentary 
sequence  whose  clastic  facies  testify  to  the  destruction, 
erosion,  and  subsequent  sedimentation  of  the  volcanic 
ridges. 

The  structural  framework  of  these  sequences  is  marked 
by  two  dominant  features:  (1)  a  local  asymmetrical 
anticlinal  structure  corresponding  to  an  early  orogenic 
movement  that  caused  intense  folding  of  the  altered  felsic 
rocks  and  (2)  a  regional  monocline  structure  striking  N.  65° 
E.  and  dipping  steeply  toward  the  north-northwest.  Within 
the  regional  tectonic  setting  of  the  northern  Arabian  Shield, 
these  structures  were  cut  by  northwest-  and  northeast¬ 
trending  faults  belonging  to  the  Najd  fault  system  and  were 
locally  intruded  by  granitic  and  granodioritic  intrusions  of 
various  ages. 

PETROGRAPHY,  MINERALOGY,  AND 
FORMATION  OF  THE  VOLCANIC  AND 
VOLCANOSEDIMENTARY  ROCKS  OFJABAL§A’ID 

The  detailed  petrographic  and  mineralogic  study  of  the 
pyroclastic  rocks  hosting  the  Jabal  §a’id  deposit  is  based  on 
49  representative  samples  that  were  selected  from  three 
drill  cores — namely,  SA  112  (31  samples  numbered  1705  to 
1735),  SA  41  (3  samples  numbered  1736  to  1738),  and  SA  107 
(15  samples  numbered  1739  to  1753).  The  depth  of  each 
sample  in  the  corresponding  drill  core  is  shown  in  table  1. 
The  sampling  of  drill-cores  SA  107  and  SA  112  was  oriented 
so  as  to  provide  a  complete  cross  section  of  the  pyroclastic 
rhyolitic  facies  hosting  the  main  sulfide  orebody  (orebody  A) 
and  the  northeastern  orebody  (orebody  C),  respectively.- 
Samples  chosen  from  drill  core  SA  41  represent  the 
unconformable  volcanosedimentary  cover. 

Petrography 

PRINCIPAL  ROCK  TYPES  AND  THEIR 
CHARACTERISTIC  TEXTURES 

Examination  of  49  thin  sections  resulted  in  the 
identification  of  five  main  rock  types  based  on  petrographic 
and  lithologic  characteristics.  These  include  lava, 
pyroclastic  tuff  and  breccia,  chert,  and  epiclastic 
(volcanosedimentary)  rocks. 

Lava  is  generally  rare  and  has  been  identified  in  only  six 
thin  sections;  one  (1708)  is  basic  and  corresponds  to  an 
andesitic  dike,  and  the  others  (1725,  1726,  1732,  1740,  and 
1747)  are  acidic  and  comprise  rhyolite  dikes  and  intrusions 
that  can  be  correlated  with  their  surface  equivalents 
recognized  by  the  author  in  the  field. 

The  vesicular  texture  of  the  basic  lava  (1708)  has  been 
preserved,  the  vesicles  being  filled  by  quartz  and  carbonates 
(fig.  7).  The  basic  character  of  this  lava  is  well  marked  by  the 
absence  of  quartz  phenocrysts  and  the  predominance  of 


FIGURE  7.— Andesitic  lava  with  phenocrysts  (ancient  feldspars) 
and  epigenetic  vesicles  of  quartz  and  carbonates.  Sample 
1708;  plane  polarized  light,  approximate  magnification  *70. 


“ghost”  phenocrysts  of  subhexagonal  sections  suggestive  of 
ancient  plagioclase.  In  contrast,  the  five  other  lavas  show  an 
abundance  of  quartz  phenocrysts  accompanied  by  “ghost” 
phenocrysts  of  feldspars  indicating  their  rhyolitic  character 
(fig.  8).  These  rocks  are  generally  homogeneous  and  show  a 
very  fine  grained  silicified  matrix  in  which  ancient 
phenocrysts  of  feldspars  and  ferromagnesian  minerals  have 
been  replaced  by  quartz,  carbonates,  chlorite,  and  white 
mica. 

The  pyroclastic  tuff  and  breccia  are  characterized  by  an 
abundance  of  coarse  quartz  crystals,  commonly  with  broken 
and  angular  fragments,  associated  with  “ghost”  phenocrysts 
of  feldspars  and  contained  within  a  matrix  of  fine-grained 
quartz,  carbonates,  chlorite,  and  micas.  These  rocks 
comprise  the  rhyolitic  breccia  facies  and  the  rhyolitic 
welded  tuff.  The  tuff  displays  a  brecciated  texture,  and  its 
elements  commonly  are  alined  “in  flames”;  thus,  a  relatively 
homogeneous  matrix  incorporating  phenocrysts  of  quartz 
and  feldspar  is  formed  (fig.  9). 

The  characteristic  features  of  the  chert  as  distinguished 
from  the  “jasper”— both  of  which  are  very  fine  grained 
siliceous  rock  comprising  microcrystalline  quartz,  with  no 
quartz  phenocrysts— are  outlined  by  A.  Kosakevitch 
(unpub.  data,  1978),  who  made  an  interesting  petrographic 
and  morphologic  study  of  these  siliceous  rocks  based  on 
surface  and  drill-core  samples  collected  by  G.  Bournat  and 
the  author.  These  characteristics  are  as  follows: 

1.  The  chert  in  the  examined  samples  consists  of 
polyhedral  plane-surfaced  grains  about  10  Mm  in  size 
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TABLE  1.— Petrographic  characteristics  of  samples  from  the  Jabal  $a'id  deposit 

[L,  lavic;  B,  brecciated;  P,  primary;  R,  reworked;  Q,  quartz;  F,  feldspar;  M,  mafic  silicates;  V,  vesicles;  t,  traces,  very  small  and  weak;  +,  present,  in  small  amounts;  ++,  frequent; 
+++,  abundant,  large  and  intense;  ++++,  very  abundant,  very  large  and  very  intense;  Ab,  albite;  Ad,  andalusite;  Mg,  margarite;  Pa,  paragonite;  Ph,  phlogopite; 

PI,  plagioclase;  Pp,  pumpellyite;  Px,  pyroxene;  Tc,  talc] 


Sample  location 


Structure 


Mineralogy 


Depth, 

Thin 

Pheno- 

Schis- 

Recrystal- 

Car- 

Other 

m 

section 

Nature 

Type 

crysts 

Grain 

tosity 

lization 

Veins 

Mica 

Chlorite 

Epidote 

bonate 

minerals 

Ore 

Observations 

Drill  core  SA  112 

143.7 . 

....1705 

B 

P? 

Q,  F,M 

++ 

+ 

+ 

+ 

t 

+ 

175.7 . 

...1706 

B 

R 

Q.F 

++++ 

+ 

t 

+  + 

+ 

t 

180.7 . 

....1707 

B 

R 

Q 

++++ 

t 

+ 

+ 

t 

+ 

t 

185.5 . 

....1708 

L 

P 

F.M.V 

t 

t 

+ 

+ 

PK+) 

t 

Vesicular  basic  lava 

(andesitic?). 

192.7 . 

...1709 

B 

P? 

Q 

+  +  + 

+ 

+ 

+  + 

t 

++ 

207.3 . 

....1710 

B 

R 

t 

t 

+ 

+ 

t 

+ 

Breccia  with  cherty 

fragments. 

213.9 . 

....1711 

B 

P 

Q,  F 

+ 

t 

t 

+ 

t 

+ 

t 

Welded  tuff 

218.5 . 

....1712 

B 

P 

Q 

+ 

+ 

t 

+++ 

+++ 

t 

Welded  tuff 

219.5 . 

...1713 

B 

R 

t 

t 

+++ 

t 

233.9 . 

....1714 

B 

P? 

Q 

++ 

++ 

+++ 

+  +  + 

Ab(t) 

t 

Mg(+) 

236.2 . 

....1715 

B 

R? 

Q,F 

++++ 

++ 

+ 

+  + 

++ 

Mg(+) 

t 

266.8 . 

....1716 

B 

R 

Q 

+ 

t? 

++ 

++ 

+ 

+  + 

Flamed  welded  tuff 

270.5 . 

....1717 

B 

P 

Q 

+ 

+++ 

+ 

t 

++ 

++ 

++ 

Flamed  welded  tuff 

275.2 . 

....1718 

B 

P 

Q 

+  + 

++ 

+++ 

+++ 

Pa(+) 

++ 

Welded  tuff 

286.5 . 

....1719 

B 

R? 

Q 

+++ 

t? 

+++ 

+++ 

++ 

+++ 

+++ 

307.4 . 

....1720 

B 

P 

Q,  M 

+ 

++ 

++ 

++ 

+  + 

Welded  tuff 

337.1 . 

....1721 

B 

P? 

Q 

+++ 

+++ 

+++ 

+ 

+  + 

+ 

++ 

-H-+ 

340.1 . 

.1722 

B 

P? 

Q 

++ 

++ 

++ 

+ 

+  + 

Pp(+) 

+  + 

Pumpellyite  in  a  vein 

371.8 . 

.1723 

B 

R 

Q 

+++ 

+++ 

++ 

++ 

+++ 

t 

Pp(?) 

++++ 

385.4 . 

....1724 

B 

P? 

Q 

+  + 

++ 

+  + 

++ 

t 

+  + 

Mg(+) 

++  + 

419.5 . 

.1725 

L 

P 

Q.F.M 

+ 

+ 

+++ 

+ 

t 

++ 

+  +  + 

Acidic  lava 

444.8 . 

...1726 

L? 

P 

Q.F.M 

+ 

+ 

+++ 

+ 

++ 

+ 

++++ 

Acidic  lava(?),  pseu- 

domorphic  chlorite 

(of  amphiboles). 

495.4 . 

...1727 

B 

R 

Q 

+++ 

+++ 

+  + 

++ 

++++ 

502.1 . 

. 1728 

B 

R 

Q 

++ 

++ 

++ 

+ 

+ 

+++ 

515.1 . 

. 1729 

B 

R 

Q 

++ 

++ 

+++ 

+ 

++ 

+  +  + 

++++ 

539.8 . 

. 1730 

B 

P? 

Q 

+ 

+ 

+ 

+++ 

+++ 

++ 

++ 

545.4 . 

. 1731 

B 

R 

Q 

++ 

+  +  + 

+++ 

+++ 

++ 

+ 

+ 

573.2 . 

. 1732 

L 

P 

Q,  F,M 

+ 

+ 

t 

++ 

+ 

PK+) 

t 

Acidic  lava,  pseudo- 

morphic  mica. 

609.8 . 

...1733 

B 

P 

Q,F,M 

+ 

t? 

+ 

t 

++ 

+ 

t 

Welded  tuff 

612.6 . 

...1734 

B 

P 

Q 

++ 

+++ 

+ 

++ 

++ 

+ 

+  + 

660.9 . 

...1735 

L? 

P 

Q.F 

+ 

+ 

+++ 

+++ 

+++ 

Px(+) 

t 

Augite  in  a  vein 

Ph(+) 

Drill  core  SA  41 

21.8 . 

. 1736 

B 

R 

Q 

+++ 

+  + 

t 

+  + 

+++ 

+ 

t 

63.2 . 

. 1737 

B 

R 

Q,  F,  V 

++ 

t 

++ 

+ 

++ 

+ 

88.5 . 

. 1738 

B 

R 

Q 

++ 

++ 

t 

+ 

Drill  core  SA  107 


11.5 . 

...1739 

B 

R 

Q 

+ 

+ 

+ 

t 

Cherty  breccia 

45.0 . 

...1740 

L? 

P? 

Q.F 

+ 

+ 

++ 

+ 

++ 

Acidic  lava(?) 

58.3 . 

...1741 

B 

R 

Q 

+ 

+. 

++ 

++ 

+ 

t 

63.1 . 

...1742 

B 

P? 

Q 

++ 

+ 

f+ 

++ 

+ 

+++ 

+ 

+ 

t 

68.5 . 

...1743 

B 

R? 

Q.F 

++ 

++ 

++ 

++ 

+++ 

Mg(+) 

+  + 

89.1 . 

...1744 

B 

R 

Q 

+ 

++ 

++ 

++ 

t 

99.7 . 

...1745 

B 

R 

Q 

+++ 

++ 

+ 

++ 

Ad(+) 

++ 

Andalusite  with  mica 

107.6 . 

...1746 

B 

R 

Q.F 

+++ 

+ 

+ 

+ 

118.3 . 

...1747 

L 

P 

Q.F.M 

+ 

+ 

++ 

++ 

+ 

Acidic  lava,  pseudo- 

morphic  mica. 

124.9 . 

...1748 

B 

R 

Q 

+ 

+ 

+ 

++ 

+ 

+ 

++ 

134.8 . 

...1749 

B 

R? 

+++ 

+++ 

++ 

+ 

++++ 

++ 

154.6 . 

...1750 

B 

R? 

+ 

++++ 

++ 

+ 

+++ 

Tc(+++) 

+ 

Largely  transformed 

into  talc  and 

carbonates. 

158.8 . 

...1751 

B 

R 

Q 

+++ 

+++ 

t 

+++ 

+ 

Breccia  with  cherty 

elements. 

179.0 . 

...1752 

B 

R 

Q 

++ 

++ 

+ 

++ 

+ 

++ 

+ 

Ph(++) 

t 

Phlogopite  in  sericite 

veins. 

190.6. . 

...1753 

B 

P? 

Q.F 

+ 

++ 

+ 

++ 

+ 

t 

t 

Ab(+) 

t 

Schistosity  marked 

by  sericite. 
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FIGURE  8.— Acidic  iava  with  finely  crystalline  matrix  and 
phenocrysts  of  silicified  feldspars.  Sample  1725;  plane 
polarized  light,  approximate  magnification  x70. 


(fig.  10)  that,  in  drill  cores,  show  a  distinctive  thin 
white  envelope  resulting  from  the  diffusion  of  light 
through  the  ultramicroscopic  fissures  in  the  grains. 

Where  they  have  been  deformed,  the  quartz  grains  of 


1 IGURE  y. — Welded  tuff  with  fragments  of  identical  composition. 
Sample  1710;  plane  polarized  light,  approximate  magnification 
x70. 


FIGURE  10. — Characteristic  morphologic  structure  of  chert 
grains.  Sample  GB  728,  East  Gossan;  approximate  magni¬ 
fication  X1 500. 


the  chert  do  not  shatter  but  tend  to  separate 
characteristically  along  their  grain  boundaries.  The 
gray  color  of  the  chert  is  attributed  to  the  presence  of 
finely  crystalline  pyrite,  carbonaceous  matter,  or 
magnetite.  This  type  of  siliceous  rock  shows  a  variety 
of  microscopic  features,  the  most  common  of  which 
are  the  brecciated  and  spheroidal  textures.  The 
latter  comprises  a  network  of  fibroradial  quartz 
whose  core  consists  of  isometrically  formed  grains 
identical  to  those  of  the  surrounding  mass  (fig.  1 1).  In 
certain  localities  (drill  core  SA  48  at  170  and  172  m), 
the  chert  is  marked  by  the  presence  of  fossil  remains 
in  the  form  of  shells  of  unidentified  marine 
organisms  (fig.  12). 

2.  The  red  jasper  consists  of  quartz  grains  about  5  Mm  in 
size  and  with  distinctly  less  pronounced 
individualized  polyhedral  forms  (fig.  13). 
Consequently,  the  grains  tend  to  break  down  on 
mechanical  deformation,  suggestive  of  both  an 
irregularity  in  their  morphologic  form  and  a  better 
cohesion.  Scanning  trace-element  analyses  of  the 
jasper  revealed  the  presence  of  iron  (most  probably  in 
the  form  of  oxidized  minerals),  which  is  thought  to  be 
the  origin  of  the  reddish  coloration  of  the  rock. 

On  the  basis  of  these  observations,  A.  Kosakevitch  (unpub. 
data,  1978)  considered  the  red  jasper  to  be  an  original 
siliceous  deposition  and  the  white  brecciated  chert  to  be  of 
metasomatic  origin  (that  is,  replacement  of  ancient 
carbonates).  It  should  be  noted,  however,  that,  in  the  absence 
of  recognized  relicts  of  carbonates  in  the  cherts,  the 
volcanosedimentary  character  of  the  chert  associated  with 
the  mineralization  (as  indicated  by  its  geologic  features 
observed  in  the  field— that  is,  general  continuity  and 
conformity  to  the  stratification,  local  development  of 
•  bedding,  etc.)  cannot  be  excluded.  Ridler  (1971)  considered 
the  cherts  associated  with  the  Archean  sulfide  deposits  of 
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FIGURE  11. — Morphology  of  the  spheroidal  structure  of  chert. 
Sample  GB  679,  Main  Gossan;  approximate  magnification  x450. 


Canada  to  be  chemical  precipitates  of  predominantly 
volcanic  origin,  and  Ridler  and  Shilts  (1973)  referred  to 
these  rocks  as  “exhalites.” 

The  epiclastic  (volcanosedimentary)  rocks  comprise 
polygenic  breccia  of  variable  composition  (rhyolitic, 
andesitic,  and  siliceous).  The  brecciated  elements  are  well 
separated  and  show  angular  to  subrounded  forms.  The 
petrographic  and  lithologic  characters  of  their 
differentiated  lithologic  facies  were  previously  described  by 
Sabir  (1975). 

The  characteristic  petrographic  features  of  these  rock 
types  as  observed  in  the  corresponding  thin  sections  (given 
in  table  1)  include  primary  features  such  as: 

1.  The  nature  of  structure  (lavic  or  brecciated). 

2.  The  type  of  structure  (volcanic  primary,  as  in  the  case 

of  lava,  or  reworked,  as  in  the  case  of  the  epiclastic 
rocks). 

3.  The  presence  of  phenocrysts  (quartz,  feldspar,  mafic 

silicates,  or  vesicles). 

and  superimposed  features  due  to  hydrothermal  alteration 
and  (or)  metamorphism  such  as: 

1.  The  existence  of  schistosity  marked  by  the  orientation 

of  phyllosilicates  (fig.  14).  Caution  should  be  taken, 
however,  not  to  confuse  this  structure,  which  appears 
clearly  at  the  base  of  drill  core  SA  107  (1752  and 
1753),  with  the  flow  texture  of  the  welded  tuff. 

2.  Recrystallization  that  is  generally  moderate  but  locally 

very  intense,  as  it  is  in  the  case  of  thin  section  1734 


w  m.  a  ■  "  '  V  w  /’tm*  I  t 

FIGURE  12.— Fossil  remains  in  chert.  Sample  HMS  327 

SA48.  327  m. 


FIGURE  13.— Characteristic  morphologic  structure  of  jasper. 
Sample  GB  725;  approximate  magnification  *1500. 
(Compare  with  fig.  12.) 


14 


SULFIDE  MINERALIZATION  AT  JABAL  §A’ID 


FIGURE  14. — Schistosity  marked  by  the  orientation  of  FIGURE  lb. — Chlorite  vein.  Sample  1735;  crossed  nicols, 
muscovite  “sericite”  crystals.  Sample  1753;  crossed  nicols,  approximate  magnification  *30. 

approximate  magnification  *70. 


FIGURE  15.— Recrystallized  granoblastic  texture  of  sample  1734 
(quartz  grains).  Crossed  nicols,  approximate  magnification  *70. 


(fig.  15),  which  represents  a  typical  hydrothermalite 
with  granoblastic  structure.  It  generally  can  be 
noted  that  there  is  a  positive  correlation  between  the 
extent  of  recrystallization  and  the  mineralization. 

3.  The  quantitative  importance  of  veins  and  veinlets  of 
quartz,  chlorite  (fig.  16),  micas,  and  carbonates, 
which  likewise  correlate  with  the  mineralization. 


MINERALOGICAL  COMPOSITION 

The  mineral  association,  as  observed  in  the  thin  sections 
studied,  consists  predominantly  of  quartz,  carbonates,  white 
micas  (muscovite,  paragonite,  and  margarite),  chlorite,  and 
epidote,  together  with  rare  plagioclase  (albite  or  andesine), 
phlogopite,  pumpellyite,  andalusite,  augite,  and  talc. 

Quartz  is  ubiquitous,  being  always  the  most  abundant 
mineral.  In  thin  sections,  it  occurs  in  a  variety  of  forms, 
including  (1)  euhedral  to  subhedral  phenocrysts,  up  to 
several  millimeters  in  size,  in  rhyolitic  or  dacitic  lavas,  (2) 
epigenetic  quartz  replacing  other  minerals  (chiefly 
feldspar),  (3)  recrystallized  grains  of  variable  dimensions, 
which  form  aggregates  with  a  granoblastic  texture,  and  (4) 
coarse  crystals  commonly  developed  in  secant  veins. 

White  mica,  the  next  most  abundant  silicate  observed  in 
thin  sections,  has  been  observed  to  occur  (1)  as  small 
dispersed  “sericite”  crystals  whose  orientation  defines  the 
schistosity  of  the  rock  (fig.  14),  (2)  as  well-formed  crystals 
replacing  ancient  phenocrysts  of  feldspar  or 
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FIGURE  17. — Albite  phenocrysts.  Sample  1753;  crossed  nicols. 

approximate  magnification  x140. 

ferromagnesian  minerals,  and  (3)  as  euhedral  crystals 
associated  with  or  included  in  ore  minerals. 

Chlorite  is  very  frequently  observed  and  commonly  occurs 
as  cryptocrystalline  masses  in  veinlets  or  as  well-formed 
flakes  in  association  with  the  metallic  minerals. 

Epidote  is  commonly  present  as  “nests”  in  association  with 
chlorite  and  locally  forms  grains  up  to  1  mm  in  size. 

Feldspars  are  very  rare  constituents  of  the  volcanic- 
sequence  of  Jabal  §a’id  and  have  been  observed  chiefly  in 
thin  sections  of  certain  lavas  (fig.  17). 

Phlogopite  has  been  observed  at  the  base  of  drill  cores  SA 
112  (660.9  m)  and  SA  107  (179.0  m),  where  it  occurs  as  well- 
formed  crystals  in  association  with  chlorite. 

Pumpellyite  has  been  identified  in  two  samples  from  drill 
core  SA  112  (340.1  and  371.8  m).  The  mineral  displays  high 
relief,  and  well-formed  rhomb-shaped  crystals  that  attain 
their  best  development  within  the  veins  in  the  rock  (fig.  18). 

Andalusite  forms  high-relief  orthorhombic  prisms  that 
have  been  identified  in  drill  core  SA  107  (99.7  m)  intimately 
associated  with  white  mica  and  opaque  minerals  (fig.  19). 

Augite  has  been  observed  at  the  base  of  drill  core  SA  112 
(660.9  m),  where  it  displays  acicular  crystals  forming 
columnar  aggregates  in  quartz. 

Finally,  large  grains  of  talc  have  been  identified  in  drill 
core  SA  107  (154.6  m)  in  association  with  carbonates. 


SUMMARY 

The  systematic  petrographic  study  of  the  Jabal  §a’id 
pyroclastic  series  in  three  drill  cores  has  revealed  several 


FIGURE  18.— Pumpellyite  (rhomb-shaped  crystals)  with 
carbonates  and  quartz.  Sample  1722;  plane  polarized  light, 
approximate  magnification  x140. 


FIGURE  19. — Prismatic  andalusite  crystals.  Sample  1745;  plane 
polarized  light,  approximate  magnification  x140. 


v. 


16 


SULFIDE  MINERALIZATION  AT  JABAL  SA’ID 


Ca 


features.  In  most  of  the  thin  sections  examined,  the  original 
igneous  minerals  of  the  volcanic  rocks  (that  is,  feldspar  and 
pyroxenes)  are  partially  or  wholly  altered  to  chlorite, 
quartz,  mica,  and  carbonates;  the  presence  of  this  alteration 
supports  the  findings  of  previous  petrographic  studies  by  C. 
Alsac  and  J.  C.  Chiron  (unpub.  data,  1975),  Alabouvette 
(1974),  and  Sabir  (1975).  The  alteration  has  obscured  the 
primary  texture,  so  that  only  the  predominance  of  quartz, 
and  probably  of  several  feldspars,  provides  evidence  of  the 
original  rhyolitic  or  dacitic  character  of  the  rocks.  The 
hydrothermal  episode  also  evidently  contributed  toward  the 
local  development  of  intense  chloritization,  silicification, 
and  sericitization  with  accompanying  recrystallization  and 
vein  formation. 

The  pyroclastic  series  apparently  has  been  affected  by 
regional  low-grade  metamorphism,  indicated  by  the 
schistose  character  of  the  rocks  observed  in  several  thin 


sections  and  possibly  by  the  greenschist  assemblage  of 
carbonate,  chlorite,  white  mica,  and  albite.  The  paragenetic 
association  of  carbonate-chlorite-white  mica-albite  is, 
however,  also  characteristic  of  zones  of  hydrothermal 
alteration  in  the  pyroclastic  series,  and  so  it  must  be 
assumed  that  there  has  been  a  superimposed  effect  of  both 
hydrothermal  alteration  and  metamorphism.  This 
superimposition  is  as  yet  poorly  understood. 

Chemical  composition  of  mineral  phases 

Microprobe  analyses  were  made  for  each  mineral  phase 
recognized  in  the  Jabal  §a’id  pyroclastic  sequence.  The 
results  for  each  mineral  are  discussed,  and  the  compositions 
(along  with  the  corrresponding  structural  formulas)  of  the 
various  silicates  are  given  in  tables  2  through  10. 
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FIGURE  21.— Miscibility  gap  between 
paragonite  (PA)  and  margarite  (MA), 
shown  on  the  diagram  of  Franz  and 
others  (1977),  which  plots  the 
composition  of  two  micas  (sample  1718, 
analyses  104  and  105)  from  Jabal  §a’id. 

The  solid  line  indicates  the  beginning  of 
the  two-phase  region  marked  by  a  break 
in  gradient  in  the  plot  of  intensity  versus 
XMa.  The  dashed  line  indicates  the 
beginning  of  the  two-phase  regions. 

Solid  ovals  represent  the  two-phase 
region;  open  ovals,  the  one-phase  region; 
half-solid  ovals,  no  unequivocal 
determination  possible. 

MICA  (DIOCTAHEDRAL) 

The  micas  were  analyzed  in  19  thin  sections,  and  the 
results  (see  table  2)  show  a  large  variation  in  composition. 
This  variation  is  particularly  apparent  in  the  K-Na-Ca 
contents  and  in  the  Mg-Fe-Al-Si  contents. 


Variations  in  K-Na-Ca 

The  analyzed  micas  are  intermediate  in  composition 
between  muscovite  K2Al4[Si6Al2(>2o]  (Oh,F)4,  paragonite 
NagAlJSie A12020]  (Oh,F)4,  and  margarite  Ca2Al4[Si6Al4O20] 
(Oh,F)4.  Their  K-Na-Ca  composition  has  been  depicted  on 
the  K-Na-Ca  diagram  (fig.  20),  in  which  it  can  be  seen  that 
the  majority  of  the  analyzed  micas  are  muscovite  containing 
5  to  25  percent  constituent  paragonite.  A  second  group 
(samples  1714,  1715,  1723,  and  1743)  comprise  margarite 
containing  60  to  80  percent  of  the  Ca  pole,  0  to  20  percent  of 
the.  K  pole,  and  about  20  percent  of  the  Na  pole.  The 
paragonite  of  the  stoichiometric  composition  has  not  been 
found,  although  the  term  could  be  applied  to  two  micas  of 
sample  1718  (analyses  104  and  105),  which  contain  52.3  and 


68.1  percent  of  the  Na  pole,  respectively.  A  third  group  of  the 
“ternary”  type  is  situated  in  the  neighborhood  of  the  center 
of  the  diagram  (samples  1718,  1715,  1724,  and  1711). 

The  muscovite  (or  an  intermediate  mica  between 
muscovite  and  paragonite)  is  everywhere  present  in  the 
samples  examined  (except  in  sample  1714,  where  margarite 
occurs  alone)  and  is  commonly  accompanied  by  margarite 
(samples  1715,  1723,  and  1743),  paragonite  (1718),  or 
“ternary”  mica  (samples  1711,  1715,  1718,  and  1724).  This 
distribution  of  dioctahedral  mica  does  not  show  a  close 
correlation  with  the  mineralization,  as  the  association 
muscovite  (with  5  to  10  percent  paragonite)  plus  margarite 
is  observed  in  samples  of  sterile  zones  (sample  1743),  of 
stockwork  ore  (sample  1715-1723),  and  of  massive  sulfides 
(sample  1714).  In  contrast,  neither  margarite  nor 
paragonite  has  been  detected  in  the  deepest  parts  of  drill 
cores  SA  112  (samples  1725-1735)  and  SA  107  (samples 
1744-1753). 

The  petrographic  aspects  of  the  dioctahedral  mica 
outlined  previously  (that  is,  dispersed  “sericite,”  well- 
formed  crystals  replacing  ancient  ferromagnesian 
minerals,  and  euhedral  flakes  included  in  sulfides  and  veins) 
do  not  correspond  systematically  to  its  chemical 
composition.  The  dispersed  “sericite”  commonly  appears  to 
be  muscovite  or  paragonitic  muscovite.  Chemical  analyses 
are  frequently  deficient,  owing  partly  to  the  small  size  of  the 
sericite  and  partly  to  the  possible  intervention  of  a 
hydromuscovite  pole  (that  is,  replacement  of  potassium  by 
H20)+).  The  more  coarsely  crystalline  mica  corresponds  to 
mjiscovite,  margarite,  or  paragonite. 

The  interpretation  of  the  compositional  variation  in  K-Na- 
Ca  of  the  analyzed  mica  is  rather  delicate,  for,  in  the  absence 
of  systematic  verification  using  X-ray  or  infrared 
spectroscopy  (the  application  of  which  is  delicate  owing  to 
the  small  size  of  the  mica  and  its  moderate  abundance),  it  is 
difficult  to  determine  the  obtained  “intermediate” 
composition  corresponding  to  solid  solution  between 
muscovite-paragonite-margarite  or  simply  to  a  small-scale 
intergrowth  of  two  or  three  species,  as  envisaged  by  Franz 
and  others  (1977).  At  present,  the  only  known  experimental 
studies  are  those  related  to  the  poles  paragonite-margarite 
and  muscovite-paragonite. 

As  figure  21  shows,  an  incomplete  solid-solution  series 
exists  between  paragonite  and  margarite  (Franz  and  others, 
1977),  the  break  of  the  two  phases  being  situated  between  20 
and  55  percent  margarite  at  400°C  (with  PH20  between  1 
and  6  kb)  and  25  and  50  percent  margarite  at  500°C.  If  it  is 
admitted  theoretically  that  the  composition  of  the 
paragonite-margarite-type  mica  of  the  Jabal  §a’id  series 
(samples  1714, 1715, 1718, 1723,  and  1743)  corresponds  to  a 
solid-solution  series,  the  break  seems  to  occur  between  the 
composition  of  analysis  104  (sample  1718)  (an  average  of  25 
percent  margarite  and  75  percent  paragonite,  excluding  the 
constituent  muscovite)  and  analysis  109  (sample  1718)  (55 
percent  margarite  and  45  percent  paragonite,  the  potassium 
being  ignored).  Application  of  the  data  to  figure  21  suggests 
an  approximate  temperature  of  400°C,  although,  because 
the  line  of  values  is  subvertical  and  because  of  the  dispersion 
of  the  analytical  points,  the  temperature  variations  could  be 


TABLE  2.— Composition  of  micas  (muscovites,  paragonites,  and  margarites) 

[Structural  formula  on  the  basis  of  22  oxygens;  FeO,  total  iron  expressed  as  FeO;  FM=(Fe+Mn)/(Fe+Mn+Mg)] 
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FIGURE  22.— Muscovite-paragonite  diagram  (after  Eugster  and 
others,  1972).  Observed  two-phase  data,  binodal  curve  (solid) 
and  spinodal  curve  (dashed). 

important.  Thus,  as  the  position  of  the  solvus  is  poorly 
defined  for  temperatures  below  400°C,  lower  temperatures 
are  not  excluded. 

The  muscovite-paragonite  system  as  examined  by 
Eugster  and  others  (1972)  is  illustrated  in  figure  22.  It  can  be 
seen  that,  at  temperatures  of  the  order  of  the  greenschist 
(300°-500°C),  the  solid  solution  is  very  limited  in  the  system. 
It  should  be  noted,  however,  that,  in  figure  20,  the  analyzed 
mica  approaches,  a  composition  of  40  percent  of  the 
paragonite  pole  (samples  1736  and  1712),  and  the  paragonite 
of  sample  1718  approaches  a  composition  of  about  40  percent 
of  the  muscovite  pole  (calcium  being  ignored).  These  values 
correspond,  in  figure  22,  to  very  high  temperatures  of  the 
order  of  750°  to  800°C,  clearly  superior  to  the  limits  of  the 
thermal  stability  of  the  association  muscovite+quartz  and 
paragonite+quartz  (on  PH20  of  2  kb),  and  incompatible  with 
the  mineral  parageneses  observed  in  the  thin  sections  of  the 
Jabal  §a’id  series.  Thus,  the  thermometric  application  of  the 
data  to  the  muscovite-paragonite  diagram  leads  to 
discordant  results  (Rumble  and  others,  1975;  Baltatzis  and 
Wood,  1977)  that  overestimate  largely  the  equilibrium 
temperature.  On  the  other  hand,  the  possibility  of  small- 
scale  intergrowth  of  muscovite  and  paragonite  in  the 
samples  examined  could  be  envisaged  equally  well  and 
would  rule  out  this  discrepancy. 


Variations  in  Mg-Fe-AI-Si 

All  the  studied  white  mica  of  the  paragonite-muscovite 
type  contains  appreciable  quantities  of  magnesium  and  iron 
(the  sum  of  MgO+FeO  is  generally  from  1  to  2  percent)  that 
replace  aluminum  in  the  octahedral  sites.  This  substitution 
is  accompanied  by  an  increase  in  silicon,  which,  in  the 
structural  formula,  exceeds  sixs  cations  with  Si/AlIV>3.  The 
examined  micas  thus  are  phengites  or,  rather,  display  a 
phengitic  tendency  that  is  more  marked  than  the  elevated 
values  of  magnesium,  iron,  and  silicon  in  the  structural 
formula.  In  the  analyzed  mica  (the  margarite  is  excluded 
owing  to  its  strong  tenor  in  A1IV,  which  is  accompanied  by  a 
diminution  of  silicon  and  thus  averts  the  phengitic 
tendency),  the  silica  values  in  the  structural  formulas  vary 
from  6.10  to  6.33  cations,  the  average  being  6.19  (standard 
deviation  0.07).  Despite  the  presence  of  variations  in  the 
correlations  of  the  stability  of  the  phengitic  mica  with  its 
composition  (Velde,  1965,  1967),  no  systematic  evolution  in 
the  tenors  of  silicon  in  function  of  the  position  of  the 
examined  samples  has  been  observed  in  drill  cores. 


PHLOGOPITE 

Although  it  occurs  at  the  base  of  two  different  drill  cores 
(samples  1735  and  1752),  phlogopite  has  a  very  homogeneous 
composition,  the  ratio  (Fe+Mn)/(Fe+Mn+Mg)  being  from 
0.26  to  0.29  (see  table  3).  This  ratio  (FM  of  phlogopite)  shows 
a  positive,  linear  correlation  to  that  of  muscovite  and  thus 
suggests  crystallization  in  equilibrium  conditions.  It  is 
further  noted  that  the  phlogopite  is  slightly  titaniferous, 
which  probably  indicates  crystallization  at  relatively  low 
temperature  (Robert,  1976). 


CHLORITES 

A  total  of  48  chlorite  analyses  were  made  on  17  thin 
sections,  as  shown  in  table  4. 

Global  composition 

The  compositions  of  the  chlorite  in  the  various  analyzed 
samples  have  been  plotted  on  Hey’s  (1954)  diagram,  which 
classifies  the  chlorite  according  to  silicon  and  iron  content 
an£  Fe/(Fe+Mg)  ratio.  It  can  be  noted  in  figure  23  that  there 
are  small  variations  in  the  silica  content  (five  to  six  cations 
per  formula)  but  rather  important  dispersion  in  the  ratio 
Fe/(Fe+Mg),  which  varies  from  0.1  to  about  0.7.  It  is  further 
noted  that  the  samples  of  the  analyzed  chlorite  are  generally 
restricted  to  the  ripidolite-sheridanite-clinochlore- 
pycnochlorite  fields. 

As  with  the  dioctahedral  mica,  it  has  not  been  possible  to 
establish  a  positive  correlation  between  the  petrographic 
features  of  the  chlorite  and  chemical  composition.  Thus,  the 
vein  chlorite  associated  with  the  mineralization  does  not 
appear  chemically  different  from  that  more  dispersed  in  the 
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TABLE  3.— Composition  of  phlogopite 

[Structural  formula  on  the  basis  of  22  oxygens:  FeO.  total  iron  expressed  as  FeO;  FM=<Fe+Mn)/(Fe+Mn+Mg)] 


Oxides,  wt  percent  Ions  per  unit  formula 


Analysis 

SiOg 

TiOg 

ai2o3 

Cr203 

FeO 

MnO 

MgO 

CaO 

Na20 

K20 

Total 

Si 

Ti 

A1 

Cr 

Fe 

Mn 

Mg 

Ca 

Na 

K 

FM 
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149 . 
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0.23 

15.69 

0.00 

11.58 

0.32 

16.32 

0.00 

0.06 

10.36 

92.38 

5.752 

0.026 

2.811 

0.000 

1.472 

0.041 

3.693 

0.000 

0.017 

2.009 

0.290 

150 . 

.37.39 

.18 

16.89 

.03 

11.40 

.43 

17.38 

.00 

.00 

9.67 

93.37 

3.599 

.021 

2.981 

.003 

1.427 

.055 

3.878 

.000 

.000 

1.848 

.277 

Sample 

1752 

281 . 

.40.35 

0.00 

16.24 

0.00 

10.95 

0.07 

17.49 

0.00 

0.07 

12.76 

97.93 
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0.000 

2.754 

0.000 
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0.000 

0.020 
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0.261 

282 . 

.38.45 

.44 

16.51 

0.00 

11.01 

.18 

16.31 

.00 

.11 

12.74 

95.75 

5.690 

.049 

2.880 

.000 

1.363 

.022 

3.598 

.000 

.032 

2.405 

.278 

286 . 

37.32 

.37 

17.71 

.00 

10.40 

.32 

17.07 

2.73 

.00 

9.62 

95.54 

5.474 

.041 

3.061 

.000 

1.276 

.040 

3.733 

.428 

.000 

1.800 

.261 

288 . 

38.52 

.22 

15.85 

.00 

10.41 

.23 

17.18 

.00 

.03 

13.06 

95.50 

5.715 

.024 

2.772 

.000 

1.292 

.029 

3.800 

.000 

.008 

2.472 

.258 

FIGURE  23.— Position  of  the  Jabal  §a’id  chlorite  on  Hey’s  (1954)  diagram.  Massive  ore  chlorite  is  represented  by  thin  lines,  stockworkore 

chlorite  by  heavy  lines,  and  sterile  zone  chlorite  by  dashed  lines. 
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SULFIDE  MINERALIZATION  AT  JABAL  §A’ID 


Fe  +  Mn  +  Mg 

FIGURE  24.— Mn/[(Fe+Mn)/(Fe+Mn+Mg)]  diagram  of  Jabal  §a’id  chlorite.  Massive  ore  chlorite  is  represented 
by  thin  lines,  stockwork  ore  chlorite  by  heavy  lines,  and  sterile  zone  chlorite  by  dashed  lines. 


same  sample.  It  can  be  noted  generally  (fig.  23)  that  the 
chlorite  associated  with  the  mineralization  is  slightly  more 
ferriferous  (being  preferably  of  the  ripidolite-pycnochlorite 
type)  than  the  chlorite  of  sterile  zones,  which  is  mostly  of  the 
sheridanite-ciinochlore  type  or  poorly  ferriferous  ripidolite. 
This  ripidolitic  tendency  (to  which  some  exceptions  are 
noted  in  the  analyzed  samples— for  example,  1714  and  1748) 
likewise  has  been  reported  in  chlorite  associated  with  other 
massive  sulfide  deposits  of  volcanic  affinity  (Smirnov,  1970; 
Soler,  1974). 

Variations  in  Mn-Mg-Fe 

An  interesting  chemical  discrimination  of  the  analyzed 
chlorite  is  illustrated  in  figure  24,  in  which  tenors  in 


manganese  (number  of  manganese  atoms  in  the  structural 
formula)  have  been  plotted  against  the  FM  ratio 
(Fe+Mn)/(Fe+Mn+Mg).  The  results  show  that  sterile  zone 
chlorite  is  characterized  by  manganese  values  greater  that 
0.05  (up  to  0.15),  stockwork  mineralization  chlorite  by  values 
between  0.03  and  0.06,  and  massive  sulfide  chlorite  by  values 
lower  than  0.04. 

Thus,  in  close  proximity  to  sulfide  mineralization,  chlorite 
is  marked  by  relatively  higher  FM-Mn  ratios,  which 
decrease  in  the  more  distal  sterile  zones.  This  feature  may 
serve  as  an  important  guide  for  prospecting  in  view  of  the 
constant  and  intimate  association  of  the  mineralization  with 
chlorite  as  observed  in  numerous  drill  cores.  It  is  interesting 
to  note  further  that  this  aspect  of  the  chlorite  conforms  to  the 
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MICAS 


FIGURE  25.— Correlation  between  Jabal  Sa’id  mica  and  chlorite.  Muscovite-paragonite  is  represented  by  solid 

circles,  margarite  by  open  circles,  and  phlogopite  by  solid  triangles. 


well-known  geochemical  behavior  of  manganese  in  oceanic 
exhalative  environments  (Fryer  and  Hutchinson,  1976). 


Correlation  between  chlorite  and  mica 

A  positive  and  distinct  correlation  exists  between  the  FM 
ratios  of  the  analyzed  chlorite  and  mica.  As  figure  25  shows, 
this  correlation  displays  a  linear  function  satisfying  the 
relationships  FM  chlorite/FM  muscovite  =0.6  and  FM 
chlorite/FM  phlogopite  =1,  probably  an  indication  that  the 
mica  and  the  chlorite  have  crystallized  at  equilibrium  or 
near-equilibrium  conditions  in  the  examined  rocks.  As  the 
chlorite  is  the  characteristic  alteration  mineral  associated 
with  the  mineralization,  such  equilibrium  conditions  are 
thought  to  have  developed  during  the  process  of 
hydrothermal  alteration. 


EPIDOTE 

Thirteen  epidote  analyses  of  4  samples  are  presented  in 
table  5;  3  of  the  4  samples  are  from  sterile  zones  (1731, 1735, 
and  1736),  and  the  fourth  is  from  massive  sulfide  ore  (1752). 
No  marked  variations  were  noted  between  the  two  groups, 
their  compositions  being  generally  homogeneous  and 
corresponding  to  epidote  in  the  strict  sense  of  the  word. 

PLAGIOCLASE 

Plagioclase  has  been  analyzed  in  three  samples  where  it 
occurs  as  automorphic  phenocrysts,  twinned  and  sometimes 
grouped  in  lath-shaped  aggregates  (fig.  17).  The  analyses 
(table  6)  show  that  (1)  in  the  andesitic  lava  (dike)  of  sample 
1708,  the  feldspar  is  andesine  An45  to  An49;  (2)  in  the  acidic 
lava  of  sample  1732,  it  is  andesine  An35  to  An40;  and  (3)  in  the 
brecciated  acidic  fragment  of  sample  1753,  it  is  pure  albite. 
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TABLE  5.— Composition  of  epidote 

[Structural  formula  on  the  basis  of  12  oxygens;  FeO,  total  iron  expressed  as  FeO] 


Oxides,  wt  percent  Ions  per  unit  formula 


Analysis 

Si02 

Ti02 

AI2O3  Cr203 

FeO 

MnO 

MgO 

CaO 

Na20 

k2o 

Total 

Si 

Ti 

A1 

Cr 

Fe 

Mn 

Mg 

Ca 

Na 

K 

Sample  1731 

325 . 

.37.88 

0.00 

23.75 

0.06 

11.51 

0.16 

0.07 

25.31 

0.00 

0.02 

98.76 

2.936 

0.000 

2.169 

0.003 

0.746 

0.011 

0.008 

2.101 

0.000 

0.001 

326 . 

.38.36 

.05 

24.07 

.02 

12.41 

.44 

.21 

24.36 

.00 

.06 

99.98 

2.940 

.003 

2.173 

.001 

.611 

.028 

.024 

2.000 

.000 

.005 

330 . 

.38.35 

.00 

24.19 

.08 

11.84 

.10 

.05 

25.92 

.00 

.00 

100.53 

2.924 

.000 

2.172 

.005 

.755 

.006 

.005 

2.117 

.000 

.000 

Sample  1735 

331 . 

..38.18 

0.00 

23.85 

0.00 

11.80 

1.44 

0.10 

24.25 

0.00 

0.08 

99.70 

2.940 

0.000 

2.165 

0.000 

0.759 

0.094 

0.011 

2.001 

0.000 

0.007 

332 . 

.37.77 

.03 

22.69 

.00 

13.46 

.52 

.07 

25.56 

.02 

.02 

101.14 

2.904 

.002 

2.057 

.000 

.865 

.034 

.008 

2.188 

.003 

.001 

333 . 

.38.46 

.23 

26.39 

.00 

8.51 

.24 

.01 

26.80 

.00 

.00 

100.64 

2.885 

.012 

2.332 

.000 

.533 

.015 

.000 

2.153 

.000 

.000 

Sample  1736 


210 . 

. 39.19 

0.06 

27.32 

0.00 

7.29 

0.98 

0.04 

24.44 

0.00 

0.00 

99.32 

2.940 

0.004 

2.415 

0.000 

0.457 

0.061 

0.003 

1.964 

0.000 

0.000 

211 . 

. 37.30 

.00 

22.46 

.02 

12.92 

.37 

.00 

24.58 

.00 

.03 

97.68 

2.948 

.000 

2.460 

.002 

.854 

.024 

.000 

2.081 

.000 

.002 

212 . 

. 38.24 

.30 

25.33 

.00 

9.05 

1.16 

.04 

24.66 

.00 

.08 

98.86 

2.926 

.017 

2.284 

.000 

.580 

.075 

.004 

2.022 

.000 

.008 

213 . 

. 37.85 

.00 

23.94 

.07 

10.96 

.10 

.03 

24.75 

.04 

.00 

97.74 

2.950 

.000 

2.199 

.004 

.714 

.006 

.003 

2.066 

.004 

.000 

Sample  1752 

283 . 

. 37.67 

0.42 

23.50 

0.00 

11.46 

0.32 

0.14 

28.40 

0.00 

0.09 

102.00 

2.859 

0.024 

2.102 

0.000 

0.727 

0.021 

0.015 

2.309 

0.000 

0.009 

284 . 

. 38.06 

.33 

23.58 

.00 

11.25 

.38 

.30 

28.31 

.00 

.18 

102.39 

2.873 

.018 

2.098 

.000 

.710 

.023 

.033 

2.290 

.000 

.016 

287 . 

. 37.90 

.30 

23.43 

.00 

11.77 

.40 

.44 

27.94 

.00 

.39 

102.57 

2.866 

.017 

2.078 

.000 

.714 

.025 

.048 

2.263 

.000 

.037 

The  question  arises  as  to  whether  these  feldspar  minerals 
should  be  considered  as  primary  volcanic  grains  or  whether 
they  represent  altered  plagioclase  crystals.  Their 
microscopic  aspect  (phenocryst)  favors  the  first  hypothesis, 
but  the  selective  replacement  of  primary  plagioclase  by 
metamorphic  plagioclase  or  the  readjustment  of  the 
composition  of  the  earlier  primary  plagioclase  during 
hydrothermal  processes  is  equally  possible. 

The  basic  aspects  of  the  plagioclase  of  the  lavas  (samples 
1708  and  1732),  however,  are  in  agreement  with  their 
supposed  initial  petrographic  nature  following  microscopic 
examination — An45  to  An49  in  a  lava  of  andesitic  character 
and  An35  to  An40  in  a  lava  resembling  ancient  dacite.  In  this 
respect,  it  is  worth  mentioning  that,  in  the  absence  of 
commonly  conserved  feldspar  in  the  rocks,  one  cannot  with 
certainty  consider  the  acidic  lavas  of  Jabal  §a’id  to  be 
ancient  rhyolites  rather  than  ancient  dacites.  In  certain 
cases,  the  relative  abundance  of  “ghost”  ferromagnesian 
silicate  provides  an  indication  in  favor  of  the  second 
hypothesis. 

Certain  authors  suggest  that  pure  albite  is  the  feldspar 
typical  of  low-grade  metamorphism  and,  in  particular,  of 
the  greenschist  facies  (Mason,  1966;  Mueller  and  Saxena, 
1977).  However,  recent  experimental  work  by  Mottl  and 
Holland  (1978)  on  chemical  exchange  during  hydrothermal 
alteration  of  basalt  by  seawater  demonstrated  the 
neoformation  of  albitelike  feldspar  as  an  alteration  mineral 
of  preexisting  plagioclase.  Because  the  plagioclase  remains 
stable  down  to  the  base  of  the  examined  drill  cores,  it  seems 
preferable  to  interpret  the  analyzed  andesine  as  remains  of 
the  primary  paragenesis  of  the  volcanites;  the  hydrothermal 
hypothesis  is  envisaged  for  albite  from  sample  1753.  It  is 
interesting  to  note  that  pure  albite  likewise  was  identified  by 


V.  Johan  (personal  commun.)  in  the  hydrothermally  altered 
assemblage  of  Jabal  ash  Shizm  in  Saudi  Arabia. 

PYROXENE 

Pyroxene  has  been  identified  only  at  the  lowermost  part  of 
drill  core  SA  112  (sample  1735),  where  it  occurs  as  augite 
(fig.  26)  relatively  rich  in  Si  and  poor  in  Ti  and  A1IV,  whose 
composition  is  perfectly  compatible  with  that  of  primary 
clinopyroxene  of  calc-alkaline  or  tholeiitic  series  (table  7).  It 
should  be  noted,  however,  that  the  metamorphic  origin  of 
augite  (Deer  and  others,  1962)  cannot  be  excluded;  such  an 
origin  is  suggested  by  its  petrographic  texture  (acicular 
crystals  grouped  in  columns)  and  its  localization  (inclusion 
in  veins  of  quartz  and  chlorite). 

OTHER  MINERALS 

The  chemical  compositions  of  pumpellyite,  andalusite, 
and  talc,  as  analyzed  in  the  corresponding  specimens,  are 
given  in  tables  8,  9,  and  10,  respectively.  The  talc  analyses 
show  a  relatively  high  tenor  in  iron,  suggestive  of  a  slight 
evolution  toward  the  minnesotaite  variety. 

Thermodynamic  conditions  of  formation 
of  the  Jabal  $a’id  pyroclastic  series  deduced 
from  the  study  of  minerals 

GENERALITIES 

.That  alteration  processes  have  affected  the  Jabal  §a’id 
series  is  well  indicated  by  the  petrographic  and  mineralogic 
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Ca2Si206 


FIGURE  26. — Position  of  pyroxene  (sample  1735)  on  the  Ca-Mg-(Fe+Mn)  diagram. 


features  observed  in  the  various  thin  sections.  The  textural 
and  structural  transformations  caused  by  this  alteration 
appear  to  be  essentially  limited  to  the  development  of  weak 
schistosity  in  the  rocks  (orientation  of  mica  and  chlorite)  and 
partial  recrystallization  probably  resulting  from  low-grade 
regional  metamosphism.  On  the  other  hand,  the  mineralogic 
transformation  is  much  more  pronounced,  being  distinctly 
marked  by  the  development  of  dioctahedral  mica,  chlorite, 
albite,  carbonates,  and  epidote.  The  close  positive 
correlation  between  chlorite,  muscovite,  and  phlogopite 
suggests  that  the  major  portion  of  this  paragenesis  is 
attributed  to  processes  of  hydrothermal  alteration  and 
mineralization., 

A  certain  thermal  evolution  from  the  top  to  the  bottom  of 
the  series  is  further  postulated,  suggested  by  the  presence  of 
pumpellyite  in  the  upper  zone  of  drill  core  SA 112  (340.1  and 
371.8  m)  and  the  appearance  of  phlogopite,  clinopyroxene, 
and  talc  in  the  basal  zones  of  drill  cores  SA  107  and  SA  112 


(660.9  m).  The  SA  112  zone  is  also  marked  by  the  stability  of 
the  association  albite+epidote,  the  disposition  of  which 
designates  the  upper  limit  of  the  greenschist  facies  (Mueller 
and  Saxena,  1977). 


THERMODYNAMIC  SIGNIFICANCE  OF  THE  OBSERVED 
MINERAL  ASSOCIATIONS 

Since  quartz  is  the  predominant  mineral  in  the  Jabal  §a’id 
rocks,  the  stability  of  some  alteration  minerals  will  be 
considered  in  the  presence  of  excessive  SiC>2. 

Dioctahedral  mica 

Muscovite. — The  quartz-muscovite  association  presents  a 
very  low  thermal  stability  limit  approaching  100°C 
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338  . 52.94  0.19  3.90  0.04  14.11  1.40  13.52  14.31  0.18  0.19  100.79  1.962  0.005  0.170  0.001  0.437  0.044  0.747  0.568  0.013  0.009  31.64  41.58  26.79  0.038  0.132 

339  .  51.50  .02  5.52  .00  14.10  .97  13.34  14.78  .21  .26  100.69  1.913  .001  .242  .000  .438  .030  .739  .588  .016  .012  32.77  41.14  26.09  .087  .155 

340  .  51.64  .00  3.53  .00  12.98  1.51  13.75  14.76  .15  .26  98.59  1.958  .000  .158  .000  .412  .048  .  777  .600  .011  .013  32.66  42.29  25.05  .042  .116 

341  . 52.65  .00  4.03  .00  13.06  1.27  14.19  14.79  .27  .18  100.44  1.952  .000  .176  .000  .405  .040  .784  .588  .020  .009  32.35  43.17  24.49  .048  .128 
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TABLE  8.— Composition  of  pumpellyite  in  sample  1722 

[Structural  formula  on  the  basis  of  24  oxygens;  FeO,  total  iron  expressed  as  FeO] 


Oxides,  wt  percent 


Ions  per  unit  formula 


Analysis  Si02 

Ti02 

A1203  Cr203 

FeO 

MnO 

MgO 

CaO 

Na20 

K20 

065 . 

. 36.53 

0.00 

24.59 

0.21 

8.82 

0.21 

0.12 

19.97 

0.00 

0.00 

066 . 

. 36.91 

.00 

24.22 

.08 

9.83 

.12 

.05 

20.58 

.02 

.00 

067 . 

. 36.77 

.00 

24.16 

.02 

8.96 

.12 

.07 

21.11 

.00 

.00 

068 . 

. 37.79 

.00 

24.28 

.00 

8.61 

.26 

.11 

20.21 

.01 

.00 

071 . 

. 37.68 

.29 

24.48 

.10 

9.01 

.08 

.09 

21.78 

.00 

.00 

Total 

Si 

Ti 

A1 

Cr 

Fe 

Mn 

Mg 

Ca 

Na 

K 

90.45 

6.010 

0.000 

4.767 

0.028 

1.212 

0.029 

0.029 

3.519 

0.001 

0.000 

91.81 

6.019 

.000 

4.656 

.009 

1.341 

.017 

.011 

3.595 

.005 

.000 

91.21 

6.021 

.000 

4.662 

.003 

1.227 

.016 

.017 

3.703 

.000 

.000 

91.27 

6.140 

.000 

4.648 

.000 

1.170 

.036 

.026 

3.517 

.004 

.000 

93.51 

6.019 

.034 

4.608 

.013 

1.204 

.011 

.021 

3.727 

.000 

.000 

TABLE  9.— Composition  of  andalusite  in  sample  1745 

[Structural  formula  on  the  basis  of  20  oxygens;  FeO,  total  iron  expressed  as  FeO] 


Oxides,  wt  percent 


Ions  per  unit  formula 


Analysis 

Si(>2 

Ti02 

A1203 

Cr203 

FeO 

MnO 

MgO 

CaO 

Na20 

k2o 

Total 

Si 

Ti 

A1 

Cr 

Fe 

Mn 

Mg 

Ca 

Na 

K 

501 . 

.36.38 

0.00 

62.08 

0.04 

0.00 

0.00 

0.15 

0.04 

0.00 

0.00 

98.69 

3.979 

0.000 

8.005 

0.004 

0.000 

0.000 

0.025 

0.005 

0.000 

0.000 

503 . 

..36.46 

.03 

62.23 

.00 

.08 

.00 

.13 

.00 

.00 

.01 

98.94 

3.979 

.003 

8.006 

.000 

.007 

.000 

.021 

.000 

.000 

.001 

504 . 

..36.80 

.00 

61.95 

.00 

.00 

.03 

.10 

.00 

.01 

.00 

98.89 

4.015 

.000 

7.967 

.000 

.000 

.003 

.016 

.000 

.002 

.000 

507 . 

..36.60 

.00 

62.18 

.02 

.12 

.00 

.11 

.00 

.00 

.01 

99.04 

3.990 

.000 

7.992 

.002 

.011 

.000 

.018 

.000 

.000 

.001 

TABLE  10.— Composition  of  talc  in  sample  1750 

[Structural  formula  on  the  basis  of  22  oxygens;  FeO,  total  iron  expressed  as  FeO] 


Oxides,  wt  percent 


Ions  per  unit  formula 


Analysis 

Si02 

Ti02 

A1203  Cr203 

FeO 

MnO 

MgO 

CaO 

Na20 

K20 

Total 

Si 

Ti 

A1 

Cr 

Fe 

Mn 

Mg 

Ca 

Na 

K 

253 . 

..59.62 

0.06 

0.75 

0.00 

6.00 

0.00 

25.55 

0.11 

0.18 

0.00 

92.27 

7.994 

0.005 

0.119 

0.000 

0.673 

0.000 

5.106 

0.016 

0.046 

0.000 

254 . 

.59.93 

.00 

.53 

.00 

6.41 

.00 

25.31 

.00 

.15 

.00 

92.33 

8.037 

.000 

.085 

.000 

.718 

.000 

5.058 

.000 

.038 

.001 

255 . 

..59.83 

.04 

.45 

.00 

5.52 

.01 

25.13 

.29 

.13 

.00 

91.40 

8.072 

.004 

.071 

.000 

.623 

.001 

5.054 

.042 

.033 

.000 

256 . 

..60.18 

.00 

.31 

.00 

5.29 

.04 

26.02 

.28 

.06 

.01 

92.23 

8.045 

.000 

.049 

.000 

.591 

.004 

5.184 

.039 

.026 

.002 

257 . 

..60.11 

.05 

.17 

.00 

5.00 

.05 

26.32 

.38 

.09 

.06 

92.23 

8.035 

.004 

.026 

.000 

.558 

.005 

5.244 

.053 

.023 

.011 

(Thompson,  1972).  Its  upper  limit  corresponds  to  the 
reaction 

muscovite+quartz-*Al2Si05+feldspar+H20 

(Day,  1973),  which,  in  the  domain  of  stability  of  the 
andalusite,  occurs  between  600°  and  650°C  with  a 
corresponding  pressure  of  1  to  3  kb  (curve  19  in  fig.  27).  In 
the  case  of  Jabal  §a’id,  however,  the  disappearance  of 
muscovite  at  lower  temperatures,  particularly  in  the 
presence  of  chlorite,  would  appear  to  be  due  to  the  reaction 

muscovite+ankerite+quartz+H2Opbiotite+ 

calcite+chlorite+C02 

at  380°C  and  PH20  of  3.5  kb  (Ferry,  1976).  Although 
ankerite  has  not  been  identified  at  Jabal  §a’id,  a  similar 
reaction  is  predicted  owing  to  the  presence  of  carbonates  of 
the  siderite  type. 

Phengite  — Velde  (1967)  established  stability  curves  for 
various  phengite  micas  on  the  basis  of  their  tenors  in  silica 
and  on  temperature-pressure  conditions  (fig.  28).  The  Jabal 
§a’id  phengitic  micas  (Si=3.5-3.16  in  the  structural  formula 
based  on  11  oxygens)  as  plotted  on  the  diagram  of  Velde 
(1967)  appear  to  be  stable  between  350°  and  650°C  (fig.  28). 
The  data,  however,  show  that  the  field  of  stability  of  the 
Jabal  $a’id  phengites  widens  in  the  domain  of  lower 


temperatures  of  the  order  of  300°  to  400°C  and  pressures  of  1 
to  2  kb. 

Chlorite 

To  the  equilibrium  reactions  of  chlorite  already  outlined 
should  be  added  the  reaction  of  Nitsch  (1971): 

pumpellyite+chlorite+quartz^clinozoisite+actinolite+H20 

which  occurs  at  a  temperature  of  350°C  and  pressure 
greater  than  2  kb  (fig.  27,  curve  8). 

EDidote 

In  the  presence  of  water,  the  lower  stability  limit  of 
epidote  appears  rather  low,  being  estimated  at  220°C±50°C 
at  P  totai=l  to  6  kb  (Seki,  1972).  The  reaction  that  designates 
the  upper  thermal  stability  limit  of  epidote  occurs  in  the 
presence  of  albite,  as  in  sample  1753  (bottom  of  drill  core  SA 
107): 

epidote+chlorite+albite+quartz  **  oligoclase+tschermakite 

the  equilibrium  temperature  of  which  is  560°C  at  Ph2o=2  kb 
(Liou  and  others,  1971).  This  reaction  is  commonly 
considered  as  delimiting  the  greenschist  from  the 
amphibolite  facies. 
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FIGURE  28. — Stability  domain  of  the  Jabal  §a’id 
phengites  (hachured  area)  as  illustrated  on  Velde’s 
(1967)  diagram.  Stability  curves  for  various 
phengite  micas  of  the  series  K[Al2Si3A10io(OH)g]- 
K[MgAlSi040io(OH)2]  under  conditions  of 
PH20=Ptotai.  The  compositions  of  each  mica  are 
represented  by  the  number  of  Si+4  ions  present; 
thus,  Si3.2=K[Mgo.2Al1.8)010(OH)2]. 


Pumpellyite 

The  thermal  stability  of  pumpellyite  is  presently  a  matter 
of  controversy,  as  the  work  of  Liou  (1971)  and  Hinrichsen 
and  Schiirmann  (1969)  shows  (see  fig.  29).  Application  of  the 
Jabal  §a’id  data  to  figure  29  suggests  that  the  maximum 
stability  temperature  of  pumpellyite  is  400°C  at  water 
pressures  of  about  2  kb  (Liou,  1971)  or  350°C  at  water 
pressures  greater  than  2  kb  (Hinrichsen  and  Schiirmann, 
1969).  In  this  respect,  it  is  interesting  to  refer  to  the 
equilibrium  reaction  of  Nitsch  (1971),  as  illustrated  by  curve 
8  in  figure  27. 

Andalusite 


FIGURE  29.— Stability  domain  of  pumpellyite  (after  Newton 
and  Fyfe,  1976).  Experimentally  deduced  phase  relations  of 
prehnite  and  pumpellyite  in  the  system  Ca0-Mg0-Al203- 
Si02-H20  in  a  quartz-excess  system  under  conditions  of 
PH2o=Ptotal.  A,  According  to  Hinrichsen  and  Schiirmann 
(1969);  B,  according  to  Liou  (1971).  The  dashed  lines  are 
inferred  boundaries.  Similarly  numbered  boundaries  are 
corresponding.  Geothermal  gradients  shown  are  used  to 
illustrate  the  differing  interpretations  that  result  from  the 
two  schemes. 


Given  the  metastable  character  of  andalusite  and  the 
absence  of  typical  metamorphic  minerals  (that  is,  staurolite, 
garnets,  etc.),  one  cannot  with  certainty  predict  equilibrium 
conditions  in  the  domain  of  stability  of  the  andalusite.  These 
conditions,  however,  may  be  considered  as  the  maximum 
temperature-pressure  limits  for  the  Jabal  §a’id 
paragenesis. 


If  metamorphic  equilibrium  conditions  are  assumed  for 
the  Jabal  §a’id  series,  the  presence  of  andalusite  in  the 
paragenesis  may  provide  a  more  precise  estimation  of  the 
temperature-pressure  conditions,  as  the  total  pressure 
permitting  its  existence  at  300°-500°C  (maximum 
temperature)  cannot  exceed  3  to  4  kb.  However,  recent 
investigations  of  hydrothermal  assemblages  associated  with 
porphyry  copper  deposits  suggest  that  the  andalusite  has 
developed  by  replacing  preexisting  plagioclase  during  the 
later  stages  of  hydrothermal  alteration  and  mineralization 
(Gustafson  and  Hunt,  1975). 


Conclusion 

As  table  11  illustrates,  most  of  the  obtained 
thermodynamic  indications  tend  to  converge  toward  an 
estimation  of  greenschist-facies  equilibrium  conditions  at  a 
temperature  of  300°  to  400°C  for  the  Jabal  §a’id  series.  The 
accompanying  pressure  is  speculative  owing  to  the  possible 
metastable  character  of  andalusite,  but  it  is  thought  to  be  of 
the  order  of  1  to 2  kb.  These  equilibrium  conditions  appear  to 
have  been  developed  at  a  normal  geothermal  gradient 
slightly  higher  than  30°C/km. 


32 


SULFIDE  MINERALIZATION  AT  JABAL  §A’ID 


TABLE  11.— Summary  of  obtained  thermal  indications 


Temperature,  °C 

Index  minerals 

Minimum 

Maximum 

Muscovite+biotite+ankerite . 

.  380 

— 

Phengite . 

.  300 

550 

Epidote . 

. 220±50 

— 

Pumpellyite+chlorite+quartz . 

.  350 

400 

General  conclusion 

The  detailed  petrographic  and  mineralogic  study  of  the 
Jabal  §a’id  pyroclastic  series  showed  that  the  primary 
character  of  the  volcanic  rocks  has  been  strongly  obliterated 
by  alteration  processes  that  eventually  led  to  the 
development  of  a  paragenesis  consisting  chiefly  of  quartz, 
chlorite,  sericite  (micas),  carbonate,  and  epidote,  with  traces 
of  feldspar  and  pyroxene  minerals.  However,  there  are  no 
strict  boundaries  that  can  be  drawn  between  metamorphic 
and  hydrothermal  alteration  processes  for  the  temperature- 
pressure  conditions  at  which  chlorite,  sericite,  and  the  other 
minerals  have  crystallized  in  the  volcanic  rocks. 

Noting  that  chlorite  is  found  in  appreciable  volumes  in 
volcanic  rocks  adjacent  to  massive  sulfide  deposits— for 
example,  the  Noranda  and  Matagami  areas  of  Canada 
(Bennett  and  Rose,  1973),  Jerome,  Arizona,  in  the  United 
States  (Anderson  and  Nash,  1972),  the  Kuroko  deposits  of 
Japan  (Lambert  and  Sato,  1974),  and  others— the  presence 
of  this  mineral  has  been  attributed  to  iron  and  magnesium 
hydrothermal  metasomatism  related  to  ore  deposition. 

In  the  case  of  Jabal  §a’id,  the  chemical  character  of  the 
chlorite  shows  a  positive  and  linear  correlation  with  that  of 
mica  (muscovite,  phlogopite,  and  paragonite),  an  indication 
that  they  crystallized  at  or  near  equilibrium  conditions  in 
the  volcanic  rocks.  As  the  chlorite  is  constantly  associated 
with  the  mineralization  (whenever  it  is  present),  it  seems 
reasonable  to  conclude  that  the  alteration  is  related  to  the 
mineralization. 


SULFIDE  MINERALIZATION  OF  THE 
JABAL  §A’ID  DEPOSIT 

Generalities 

HISTORY  AND  DISCOVERY  OF  THE  MINERALIZATION 

Evidence  of  early  mining  activity  at  Jabal  §a’id  is  well 
illustrated  by  the  presence  of  several  ancient  workings  in  the 
area  of  the  deposit.  However,  the  small  size  and  extent  of  the 
excavations  and  the  absence  of  sulfide  ore  in  dump  material 
suggest  that  ancient  miners  exploited  principally  supergene 
ore  along  fracture  zones.  It  has  not  been  possible  to  fix  a 
precise  age  for  the  ancient  workings,  but  data  based  on  C-14 
dating  of  charcoal  in  slag  found  in  other  mineral  localities  in 
the  vicinity  suggest  a  period  between  800  and  1300  A.D., 
which  corresponds  to  the  reign  of  the  Abbasid  Caliphate. 


The  first  modern  regional  coverage  of  the  area  was  the 
geologic  map  of  Brown  and  others  (1963).  Two  years  later  in 
1965,  the  Jabal  §a’id  Main  Gossan  was  discovered  by  BRGM 
during  a  general  prospecting  program  of  granitic  intrusions 
in  the  region.  From  that  point  until  1973,  a  series  of  geologic, 
geophysical,  and  geochemical  surveys  were  undertaken  in 
the  area,  coupled  with  an  extensive  diamond-drilling 
program,  which  resulted  in  the  discovery  of  several  sulfide 
bodies  of  varying  economic  importance.  Further  detailed 
exploration  and  investigation  of  the  area  are  presently  being 
carried  out  by  the  Societe  d’Etudes,  de  Recherche  et 
d’Exploitation  Minieres  (Serem)-U.S.  Steel  joint  venture. 

SURFACE  MINERAL  SHOWINGS 

In  the  deposit  area,  the  surface  expression  of  the 
underlying  sulfide  masses  is  manifested  by  several  readily 
recognizable  mineral  showings:  (1)  numerous  copper  stains, 
predominantly  chrysocolla  and  malachite,  that  coat 
fractures  and  joint  planes  in  the  rhyolitic  rocks,  (2) 
disseminated  pyrite  whose  presence  is  indicated  by  intense 
bleaching  and  reddening,  (3)  veins  of  massive  steel-gray 
hematite  filling  fractures  and  open  fissures,  and  (4)  the 
spectacular  Main  Gossan  and  its  northeastern  extension 
(East  Gossan),  which  form  the  most  distinctive  feature  in  the 
area  (fig.  5). 

The  Main  Gossan  is  about  200  m  long  and  50  m  wide  and 
crops  out  along  the  southeastern  flank  of  an  isolated  hill 
about  50  m  high.  It  consists  of  massive  and  brecciated  yellow 
and  pink  limonite,  locally  laced  with  hematite  veins  and 
surrounded  by  partially  kaolinized  rhyolitic  rocks. 


Stratigraphic  position 

The  position  of  the  Jabal  §a’id  mineralization  is  depicted 
in  simplified  form  in  figure  30,  which  demonstrates  the 
inferred  distribution  of  the  sulfide  masses  within  the  local 
established  stratigraphic  sequence  in  the  area.  As  the  figure 
shows,  the  mineralization,  which  has  been  arbitrarily 
divided  into  four  principal  orebodies,  is  located  in  the 
following  lithologic  facies: 

1.  In  the  layer  of  red  jasper  or  chert  or  at  its  lower  contact 

(orebody  A,  upper  parts  of  orebodies  B  and  C — 
massive  sulfides). 

2.  Within  the  chloritized  rhyolitic  tuff  and  breccia  (lower 

parts  of  orebodies  B  and  C— stringer  sulfides). 

3.  In  thin  horizons  of  graphitic  tuffite  (dissemination). 

4.  Within  the  dacitic  crystal  tuff  (orebody  D— massive 

sulfides). 


MINERALIZATION  WITHIN  THE  RHYOLITIC  SEQUENCE 

Although  the  sulfide  deposits  are  not  restricted  to  a  single 
lithologic  setting,  it  can  be  seen  in  figure  30  that  the 
principal  site  of  the  mineralization,  which  corresponds  to 
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FIGURE  30. — Geologic  sketch  map  showing  the  stratigraphic  position  of  sulfide  mineralization  at  Jabal  §a’id. 
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orebodies  A,  B,  and  C,  is  confined  to  the  felsic  volcanic 
sequence,  particularly  between  the  jasper  bed  on  the 
hanging  wall  and  hydrothermally  altered  rocks  on  the 
footwall.  This  consistent  position  of  the  mineralization, 
already  noted  in  many  drill  holes,  is  demonstrated  equally 
well  by  the  distribution  pattern  of  the  three  sulfide  bodies 
along  a  northeast-trending  belt  in  general  conformity  with 
the  stratification.  There  is  thus  a  close  spatial  relationship 
between  the  sulfide  masses  and  their  host  rocks,  which 
evidently  indicates  a  predominant  stratigraphic  control. 


MINERALIZATION  WITHIN  THE  ANDESITIC-DACITIC 
SEQUENCE 

The  precise  stratigraphic  position  of  the  sulfides 
encountered  toward  the  northwest  (orebody  D)  is  as  yet 
poorly  understood,  for  they  are  intercalated  within  dacitic 
and  tuffitic  facies  and  show  no  direct  association  with  jasper 
in  drill  holes.  It  is  interesting  to  note,  however,  that  these 
sulfides  occur  directly  beneath  an  outcrop  of  jasper  where 
they  generally  show  a  concordant  distribution  pattern. 

The  relationship  of  these  sulfides  to  the  other  sulfide 
bodies  in  the  area  remains  speculative.  G.  Jourde  (personal 
commun.,  1976)  considered  them  to  be  the  lateral 
equivalents  of  the  main  mineralized  sequence  comprising 
orebodies  A,  B,  and  C.  However,  their  occurrence  at  a  higher 
stratigraphic  position  and  within  a  more  basic  lithologic 
environment  (dacitic  rocks),  as  well  as  their  low  grade  in 
copper  and  zinc  relative  to  that  of  the  other  orebodies, 
suggest  a  close  genetic  relationship  with  the  basic  volcanism 
(andesitic  subunit)  at  Jabal  §a’id;  the  time  relationship 
between  this  episode  and  the  preceding  and  more  intensely 
mineralized  acid  volcanism  (rhyolitic  subunit)  is  not 
considered  to  be  important. 


Macroscopic  features 

Visual  examination  of  several  hundred  meters  of  drill 
cores  provided  a  comprehensive  knowledge  of  the  Jabal 
§a’id  deposit  and  identified  two  major  ore  types— massive 
sulfide  ore  and  stringer  ore— corresponding  to  two  styles  of 
ore  occurrence. 


MASSIVE  SULFIDE  ORE 

The  massive  sulfide  ore  occurs  as  stratabound  tabular  to 
lens-shaped  bodies  containing  varying  amounts  of  pyrite, 
sphalerite,  chalcopyrite,  and  pyrrhotite.  It  is  associated  with 
rhyolitic  breccia,  jasper  and,  locally,  dacitic  and  chloritic 
tuff. 

Two  distinct  but  mutually  gradational  subtypes  of 
massive  ore  are  generally  distinguished  on  the  basis  of 
macroscopic  texture — namely,  massive  structureless  ore 
and  breccia  ore.  Massive  structureless  ore  consists  of 
random  aggregates  of  fine-grained  sulfide  and  contains  no 


readily  discernible  textures  or  structures  (orebodies  C  and 
D).  Breccia  ore  comprises  a  chaotic  assortment  of 
centimetric  angular  to  subrounded  sulfide  fragments  in  a 
tuffaceous  matrix  rich  in  carbonate  and  (or)  chlorite 
(orebody  A).  Macroscopic  banding  of  the  sulfides  is  very  rare 
.owing  to  the  massive  nature  of  the  ore,  and,  where  it  is 
observed  (in  certain  drill  holes),  it  comprises  massive  bands, 
chiefly  of  pyrite,  intercalated  in  the  jasper. 

The  precise  configuration  of  the  top  and  bottom  of  the 
massive  sulfides  between  drill  holes  is  unknown,  as  the 
sulfide  distribution  has  been  complicated  by  faulting  and 
localized  folding.  In  drill  holes  intersecting  the  mineralized 
sequence,  however,  it  can  be  seen  that  the  upper  contact  of 
the  massive  sulfides  is  generally  sharp  and  well  defined, 
although,  in  detail,  it  may  have  a  scalloped  appearance.  In 
certain  locations,  the  massive  sulfides  show  a  clear  boundary 
with  the  overlying  barren  jasper  bed  (orebody  A);  in  other 
locations,  they  are  locally  intercalated  and  concentrated  in 
the  jasper  (orebody  C);  in  rare  cases,  they  seem  to  pass 
laterally  into  the  jasper  and  continue  for  a  short  distance 
within  the  underlying  rhyolitic  tuff  (orebody  C,  drill  hole  SA 
38). 

The  lower  contact  of  the  massive  sulfides  is  less  clearly 
demarcated,  especially  where  it  is  underlain  by  stringer 
sulfides.  At  such  locations,  the  massive  sulfides  grade  locally 
into  calcareous  dolomitic  lenses  to  form  a  zone  of  submassi  ve 
sulfides  (orebody  C,  drill  hole  SA  45).  If  stringer  sulfides  are 
absent  below  the  lower  contact,  the  massive  sulfides  grade 
rapidly  into  barren  footwall  rocks  (orebody  D). 

STRINGER  SULFIDE  ORE 

The  stringer  sulfide  ore  is  richer  than  the  massive  ore  and 
possibly  is  the  more  important  ore  type;  at  present,  it  serves 
as  a  charateristic  feature  that  distinguishes  the  Jabal  §a’id 
deposit  from  similar  mineral  deposits  in  Canada  and  Japan 
where,  in  the  majority  of  the  cases,  the  massive  sulfide  ore  is 
of  prime  economic  importance  relative  to  the  associated 
stringer  ore. 

Geometrically,  the  ore  shows  roughly  chimney  like  or  pipe¬ 
like  bodies  situated  immediately  beneath  the  massive 
sulfides.  Within  such  vertically  standing  pipes,  the  sulfides, 
chiefly  pyrite  and  chalcopyrite  with  lesser  sphalerite  and 
pyrrhotite,  occur  as  blebs,  veins,  and  stringers  forming  an 
interconnected  stockwork  zone  that,  in  plan,  is  distributed 
along  a  northeast  direction  parallel  to  the  long  axes  of  the 
massive  sulfides  (fig.  30).  The  stringer  sulfides  range  in 
concentration  from  a  ramifying  network  of  fine  veinlets  and 
blebs  disseminated  in  the  felsic  pyroclastic  rocks  to  almost 
massive  veins  in  the  richest  zones  where  locally  the  sulfide 
content  of  the  rocks  attains  100  percent. 

Two  varieties  of  veins  can  be  distinguished  within  the 
stockwork  mineralization — those  showing  extensive 
alteration  of  the  bordering  rocks  and  those  without 
alteration.  The  first  variety  of  veins  constitutes  the  bulk  of 
the  stockwork  and  thus  comprises  the  copper-rich 
mineralization.  The  sulfide  veins,  mainly  of  pyrite  and 
chalcopyrite  and,  less  commonly,  sphalerite,  are  generally 
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well  developed,  locally  massive,  and  usually  associated  with 
centimetric  veins  of  black  chlorite  in  tuffaceous  and 
brecciated  felsic  rocks  that  contain  fragments  of  green  or 
black  chlorite  with  small  veinlets  of  quartz  and  calcite. 
Locally,  the  sulfide  veins  are  associated  with  silicified  rocks, 
notably  where  they  occur  in  the  central  and  upper  portions 
of  the  stockwork  zones  (orebody  C,  drill  holes  SA  47  and  SA 
48). 

The  second  variety  comprises  randomly  intersecting 
veinlets,  disseminations  and  blebs,  and  locally  massive 
aggregates  mainly  of  pyrite  and  pyrrhotite  with  minor 
chalcopyrite.  The  sulfide  veins  are  generally  fine  and 
discontinuous  and  commonly  grade  to  barren  pyritic 
mineralization.  Unlike  the  stockwork  sulfides  of  the  first 
variety,  these  sparse  disseminated  sulfides  are  not  restricted 
to  a  single  stratigraphic  layer  or  lithologic  facies  but  occur 
invariably  in  jasper  (drill  holes  SA  45,  SA  103,  and  SA  104), 
flow-textured  rhyolite  (drill  holes  SA  45  and  SA  103),  and 
graphitic  tuffite  (drill  hole  SA  36).  Moreover,  they  are  not 
associated  with  massive  sulfides,  nor  do  they  show  any 
apparent  relationship  to  zones  of  hydrothermal  alteration 
(chloritization  and  silicification). 

The  presence  of  the  two  varieties  of  veins  in  the  Jabal  §a’id 
deposit  suggests  successive  periods  of  vein  emplacement. 
Their  genetic  relationship  is  discussed  later. 

MASSIVE  "MAGNETITE  ORE” 

Besides  the  two  major  types  of  sulfide  ore  at  Jabal  §a’id — 
namely,  massive  ores  and  stringer  ores — a  minor  “magnetite 
ore”  also  has  been  encountered  in  drill  hole  SA  114,  which 
intersected  the  eastern  extremity  of  the  main  stockwork  ore 
zone  of  the  deposit.  When  this  ore  is  examined  in  drill  cores, 
it  appears  massive  in  character  and  well  crystallized;  it 
consists  chiefly  of  black  lustrous  magnetite  with  veinlets  of 
blood-red  specular  hematite,  abundant  disseminated  pyrite, 
and  minor  stringers  of  chalcopyrite  that  occur  in  an 
intensely  silicified  and  chloritized  tuffaceous  matrix 
containing  veinlets  and  angular  fragments  of  reddish  silica, 
white  calcite,  and  black  chlorite.  Situated  at  a 
stratigraphically  low  level  within  the  stockwork  zone,  this 
ore  grades  upward  into  the  normal  copper-rich  stringer  ore. 

Sulfide  masses 

The  Jabal  $a’id  mineralization  can  be  divided  generally 
into  four  major  spatial  domains  referred  to  as  orebodies  A, 
B,  C,  and  D,  as  shown  in  figure  30  (note  that  the  term 
“orebody”  as  used  here  does  not  necessarily  imply  economic 
concentration).  The  orebodies  are  themselves  further 
subdivided  into  two  zones  distinguished  by  their  spatial  and 
ore-type  parameters. 

OREBODY  A 

In  orebody  A,  zone  1  constitutes  the  main  orebody  and 
forms  an  irregular  lens  of  massive  to  submassive  sulfides— 


chiefly  pyrite,  pyrrhotite,  chalcopyrite,  and  sphalerite.  The 
orebody  varies  in  thickness  from  30  to  100  m,  dips  at  about 
80°  E.,  strikes  N.  20°  E.,  and  is  believed  to  be  overturned.  Its 
western  (upper)  part  conforms  to  the  jasper  layer  that 
separates  it  from  the  overlying  flow-textured  rhyolite; 
toward  the  east  (at  depth),  it  is  entirely  enveloped  within 
felsic  volcanic  rocks.  Ore  tonnages  have  been  evaluated  by 
the  Serem-U.S.  Steel  Corporation  (1976)  joint  venture  at 
8,500,000  t  at  a  grade  of  1.9  percent  Cu  and  1.10  percent  Zn. 

The  presence  of  a  mineralized  zone  2  underlying  the  main 
orebody  has  not  yet  been  established,  but  Routhier  and 
Delfour  (1975)  noted  that  drill  holes  SA  12  and  SA  16,  which 
cut  the  eastern  part  of  the  orebody,  contain  stringer-type 
disseminated  mineralization.  In  a  detailed  examination  of 
the  recently  drilled  drill  hole  SA  110,  which  also  intersects 
the  same  zone,  the  author  also  noted  that  the  chloritized 
footwall  rocks  below  the  massive  orebody  are  traversed  by 
ramifying  veins  and  stringers  of  pyrite  and  chalcopyrite  and 
sometimes  sphalerite,  together  with  disseminated  sulfides, 
which  are  evocative  of  at  least  a  meager  stockwork  ore.  This 
hypothesis  is  further  supported  by  the  mineralogic 
characteristics  of  this  ore  type,  which  are  outlined  later. 
There  are  thus  encouraging  results  in  favor  of  the  stockwork 
hypothesis,  and  the  chances  of  discovering  extensions  seem 
promising. 


OREBODY  B 

Orebody  B  is  considered  to  be  an  offset  segment  of  orebody 
A,  displaced  about  400  m  to  the  east  by  the  Eastern  Valley 
dextral  fault.  The  stratigraphic  and  structural  trends  of 
orebody  B  are  conformable  to  those  of  the  other  orebodies, 
but  its  wallrock  associations  and  ore  type  appear  more 
similar  to  those  of  orebody  C.  The  northern  extension  of 
orebody  B  is  truncated  by  a  N.  70°  E.  fault,  which  probably 
explains  the  discontinuity  of  the  mineralized  sequence 
toward  the  northeast  (fig.  30). 

The  upper  zone  1  of  orebody  B  appears  to  be  a  small 
lenticular  lens  of  massive  sulfides— chiefly  pyrite  and 
sphalerite,  with  minor  chalcopyrite  and  pyrrhotite— 
intercalated  in  brecciated  jasper.  This  mineralized  zone, 
intersected  by  drill  hole  SA  20  A,  comprises  10  m  of  massive 
ore  having  an  average  grade  of  0.86  percent  Cu  and  3.66 
percent  Zn. 

The  massive  sulfide  zone  grades  downward  into  a  network 
of  sulfide  veins — mainly  pyrite  and  chalcopyrite  with  lesser 
sphalerite  and  pyrrhotite — that  form  the  stockwork  zone  2, 
situated  in  chloritized  pyroclastic  rocks.  This  stockwork 
pipe,  intersected  by  drill  holes  SA  26,  SA  37,  and  SA  42, 
extends  for  at  least  120  m  vertically  below  the  massive 
sulfides  and  has  an  average  grade  of  about  2.0  percent  Cu. 

Toward  the  north  of  orebody  B  (fig.  30),  sparse 
disseminated  sulfides  have  been  encountered  in  drill  holes 
SA  46  and  SA  49.  The  mineralization,  which  comprises 
chiefly  pyrite,  chalcopyrite,  pyrrhotite,  and  minor 
sphalerite,  is  analogous  in  character  to  the  stockwork  of 
orebody  B  but  is  poorer  in  copper  grade  (on  the  average,  ~1 
percent  Cu). 
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Owing  to  structural  complexity,  the  configuration  of  this 
mineralization  is  as  yet  poorly  understood.  The  various  drill 
holes  that  intersected  this  mineralized  zone  encountered 
neither  jasper  nor  massive  sulfides  in  association  with  the 
disseminated  ore.  Moreover,  on  the  outcrop  surface,  the 
jasper  bed  is  missing,  and  the  overlying  flow-textured 
rhyolite  is  in  direct  contact  with  the  altered  pyroclastic 
rocks  (unconformity?)  hosting  the  mineralization.  There  is 
thus  a  gap,  both  in  the  continuity  of  the  mineralization  and  in 
the  lithologic  succession  in  this  zone.  On  the  basis  of  its 
structural  setting,  the  upper  part  of  the  orebody, 
presumably  comprising  the  jasper  and  associated  massive 
sulfides,  would  appear  to  have  been  eroded,  as  this  ore  zone 
has  been  subjected  to  intense  anticlinal  folding  and  block 
faulting. 

OREBODY  C 

Orebody  C  strikes  N.  40°  E.  and  is  divided  into  two  distinct 
zones,  both  of  which  are  continuous  downdip.  Zone  1,  which 
forms  the  upper  part  of  the  orebody,  consists  of  several 
lenses  of  massive  sulfides — mainly  pyrite  and  sphalerite 
with  subordinate  chalcopyrite  and  pyrrhotite.  The  sulfides 
are  intercalated  mainly  within  brecciated  jasper,  but,  at 
depth,  they  grade  into  a  calcareous  sequence.  High  silver 
and  tin  values  are  found  in  the  sphaleritic  ore  of  this  zone. 
The  average  grade  of  zinc  varies  from  0.82  percent  in  drill 
hole  SA  45  to  5.44  percent  in  drill  hole  SA  48. 

Zone  2  represents  the  largest  and  most  continuous  copper- 
rich  stringer  ore  in  the  area.  It  comprises  mainly  pyrite  and 
chalcopyrite  with  minor  sphalerite  and  pyrrhotite  that  form 
veinlets  and  disseminations  in  chloritic  rocks.  This 
stockwork  zone,  where  it  can  be  fairly  well  defined  (drill 
holes  SA  45  and  SA  47),  extends  for  about  300  m  vertically 
below  the  massive  sulfides.  The  average  copper  grade  varies 
between  2.0  and  3.0  percent. 

OREBODY  D 

Orebody  D  is  the  deepest  and  most  pyritic  of  all  the 
orebodies  (fig.  30).  It  consists  of  two  superposed  zones  of 
massive  sulfides — chiefly  pyrite  and  pyrrhotite  with  minor 
chalcopyrite  and  sphalerite.  The  upper  zone  (a),  which  has 
been  intersected  by  drill  holes  SA  36  and  SA  27,  has  a 
relatively  longer  spatial  extent  and  contains  more 
sphalerite.  Its  thickness  varies  between  13  and  15  m  and 
averages  0.27  percent  Cu  and  0.7  percent  Zn.  The  lower  zone 
(b),  intersected  by  drill  holes  SA  36  and  SA  36  B,  has  an 
average  thickness  of  6  m  with  grades  varying  frorn  0.88 
percent  Cu  and  0.11  percent  Zn  in  drill  hole  SA  36  to  0.6 
percent  Cu  and  0.54  percent  Zn  in  drill  hole  SA  36  B. 

Metallogenic  zoning 

The  Jabal  $a’id  ores  are  characterized  by  distinct  vertical 
zoning  of  their  constituent  minerals,  a  feature  readily 
recognizable  in  numerous  drill  holes  and  eventually 
expressed  in  their  assay  values.  Zoning  is  developed  within 


both  independent  spatial  unit  orebodies  and  individual 
constituent  sulfide  masses. 

On  the  scale  of  the  orebody,  four  mineral  zones  can 
generally  be  distinguished  in  descending  order  (fig.  31):  the 
cherty  ore  zone,  the  core  ore  zone,  the  fringe  ore  zone,  and  the 
disseminated  ore  zone.  It  should  be  emphasized,  however, 
that  these  zones  are  gradational  and  in  some  cases 
overlapping.  Moreover,  their  presence  and  relative 
abundance  differ  considerably  between  the  various 
orebodies;  they  can  best  be  defined  in  orebodies  B  and  C, 
where  the  lithologic  succession  and  ore-type  association 
allow  the  mineral  distribution  pattern  to  be  established. 

CHERTY  ORE  ZONE 

A  pyrite-sphalerite  mineralization  enveloped  within 
cherty  and  locally  calcareous  layers,  the  cherty  ore  zone 
forms  the  bulk  of  the  massive  sulfide  ores,  and  the  highest 
zinc  values  are  found  toward  its  stratigraphically  lower 
margin  (drill  holes  SA  41,  SA  48,  and  SA  112).  High  copper 
values,  in  excess  of  the  mean  copper  grade  (2.0  percent),  are 
observed  only  exceptionally  within  this  zone,  and,  where 
they  do  occur,  they  are  commonly  accompanied  by  above- 
average  zinc  values  in  the  footwall  margin  (drill  holes  S A  47 
and  SA  41).  Although  lead  is  remarkably  deficient  relative 
to  zinc  and  copper,  it  seems  also  to  show  a  general  tendency 
to  be  concentrated  at  or  near  the  bottom  margin, 
particularly  where  the  massive  sulfide  material  is  of  more 
than  average  thickness,  a  phenomenon  especially  apparent 
in  the  northern  part  of  orebody  C. 

Upward,  toward  the  hanging  wall  of  this  zone,  the 
mineralization  interfingers  with  chert  and  gradually 
decreases  in  intensity.  It  contains  a  higher  ratio  of  pyrite  to 
sphalerite,  the  result  being  a  corresponding  drop  of  base- 
metal  values  (drill  holes  SA  41  and  SA  112). 

CORE  ORE  ZONE 

The  core  ore  zone  lies  immediately  below  the  cherty  ore 
zone.  It  is  pyrite-chalcopyrite  rich  and  is  enclosed  within 
chloritized  pyroclastic  rocks. 

FRINGE  ORE  ZONE 

The  fringe  ore  zone  comprises  predominantly  pyrite- 
sphalerite  mineralization  (with  minor  chalcopyrite  and 
galena)  and  forms  a  discontinuous  thin  envelope  or  halo 
along  the  periphery  of  the  core  ore  zone.  The  feature  was 
recognized  in  the  course  of  examining  several  drill  hole 
cores  (drill  holes  SA  41,  SA  47,  SA  53,  and  SA  40)  that 
intersect  the  stockwork  mass  of  orebody  C  and  correlating 
their  spatial  tenors  in  copper  and  zinc. 

It  has  likewise  been  noted  that  a  similar  fringe  ore  zone  (a 
relatively  zinc  rich  halo  intersected  by  the  upper  parts  of 
drill  holes  SA  37  and  SA  42)  exists  along  the  periphery  of  the 
stockwork  ore  of  orebody  B,  as  figure  32  illustrates.  By 
virtue  of  its  composition  and  texture,  this  ore  zone  is  thought 
to  be  the  lateral  equivalent  of  the  cherty  massive  ore  and 
thus  may  define  a  lateral  zonality  on  the  scale  of  the  deposit. 
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FIGURE  Ml. — Schematic  section  showing  typical  zoning  of  the  Jabal  §a’id  deposit  for  orebody  C. 
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FIGURE  32— Schematic  section  showing  typical  zoning  of  the  Jabal  §a’id  deposit  for  orebody  B. 
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It  is  interesting  to  note  that  a  comparable  zinc  halo  has 
been  reported  to  extend  down  the  flanks  of  stockwork 
mineralization  in  the  Millenbach  massive  sulfide  deposit  of 
Canada  (Simmons,  1973). 

DISSEMINATED  ORE  ZONE 

The  disseminated  ore  zone  comprises  blebs  and 
disseminations,  chiefly  of  pyrite  with  traces  of  chalcopyrite 
and  pyrrhotite,  that  extend  beyond  the  limits  of  the 
chloritized  pipe. 

Summary 

The  mineralization  at  Jabal  §a’id  is  characterized  by  a 
typical  association  of  massive  and  stockwork  ore.  Taken  in 
the  context  of  its  geologic  and  structural  setting,  this 
coupled  sulfide  association  displays  a  close  spatial 
relationship  to  the  enclosing  felsic  rocks. 

Despite  the  structural  complexity  that  affects  the  sulfide 
masses,  the  mineralized  interval,  as  observed  in  numerous 
drill  cores,  is  well  demarcated  in  its  occurrence.  It  is 
characteristically  located  between  the  chloritized  volcanic 
rocks  and  the  overlying  cherty  horizon  and  thus  indicates  an 
important  stratigraphic  control  of  the  mineralization. 

The  most  significant  metallogenic  zonal  feature  is  the 
marked  concentration  of  copper  in  the  core  zone,  preferably 
situated  within  the  footwall  of  the  orebody.  This 
characteristic  zonal  arrangement  evidently  emulates  the 
classical  pattern  commonly  shown  by  many  polymetallic 
sulfide  deposits  in  Canada  (Sangster,  1972)  and  Japan 
(Lambert  and  Sato,  1974),  although,  in  the  Japanese  deposit, 
the  enrichment  of  zinc  in  the  hanging  wall  of  the  orebody  is 
more  pronounced  than  that  in  the  Jabal  §a’id  deposit. 

MINERALOGICAL  FEATURES  OF  THE 
MINERALIZATION 

The  main  mineralogic  aspects  of  sulfide  mineralization  at 
Jabal  §a’id  are  based  on  a  detailed  microscopic  study  of  the 
various  ore  constituents  and  their  textural  relationships. 

Gossan  minerals 

The  mineralogy  of  the  gossan  is  dominated  by  goethite 
(FeOOH)  and  hematite  (Fe20;j),  both  of  which  are  abundant, 
together  with  gangue  minerals  such  as  quartz,  calcite,  and 
rare  amounts  of  gypsum,  anhydrite,  and  siderite.  Being  a 
member  of  the  hydrated  iron-oxide  series,  the  goethite 
shows  (under  the  microscope)  distinct  variation  it  its  degree 
of  crystallization  and  reflectivity,  which  suggests  variable 
ranges  in  its  state  of  hydration. 

Copper  oxides  such  as  cuprite  or  tenorite,  which  typically 
occur  in  cappings  overlying  iron-poor  copper-rich 
assemblages  (Blain  and  Andrew,  1977),  have  not  been 


observed.  However,  traces  of  residual  primary  sulfide  ore  in 
the  form  of  minute  chalcopyrite  dots  are  commonly  seen 
enclosed  in  the  siliceous  gangue  and  thus  serve  as  indicators 
of  the  presence  and  nature  of  the  underlying  sulfide 
mineralization. 

Primary  ore  minerals 

The  detailed  examination  of  more  than  200  polished 
sections  from  the  Jabal  §a’id  deposit  has  identified  26 
minerals  comprising  four  basic  mineral  groups— namely, 
oxides,  sulfides  and  sulfosalts,  native  metals,  and  tellurides. 


OXIDES 

The  oxides  identified  in  the  ore  include  magnetite, 
hematite,  ilmenite,  and  cassiterite. 

Magnetite 

Three  genetic  types  of  magnetite  (Fe304)  have  been 
recognized—  primary,  secondary,  and  pseudomorphic. 

Primary  magnetite—  Primary  magnetite  is  the  most 
abundant  of  all  the  oxides  and  locally  forms  important 
concentrations  within  the  deposit  (drill  hole  SA  114).  It 
commonly  shows  a  marked  tendency  for  euhedral  growth, 
mostly  with  the  development  of  octahedral  habit.  Crystal 
outlines  are  generally  well  formed  and  only  exceptionally 
indented,  whereas  the  interior  portions  are  less  developed 
and  display  many  indentations.  Growth  zoning  is  a  rare 
internal  feature  of  the  magnetite  crystals  but  has  been 
observed  locally  in  some  individual  subhedral  grains.  When 
it  is  revealed  by  etching,  this  growth  zoning  is  marked  by  a 
number  of  fine  homogeneous  zones  that  are  alined  parallel  to 
the  exterior  parts  of  the  grain. 

More  usually,  however,  the  magnetite  occurs  as  massive 
irregular  aggregates  of  subhedral  grains  that  are  locally 
deformed  and  sheared;  eventually,  a  pronounced  alinement 
of  the  magnetite  grains  parallel  to  the  schistose  gangue 
resulted.  The  sulfides  with  which  magnetite  is  associated 
are  principally  pyrite  and  sphalerite  and,  less  commonly, 
chalcopyrite.  Grain  boundaries  of  magnetite  are  generally 
planar  toward  associated  sulfide,  particularly  when  they  are 
in  contact  with  sphalerite  or  chalcopyrite;  with  pyrite,  they 
tend  to  be  mutually  undulating  and  less  sharply  defined,  a 
feature  particularly  apparent  in  the  massive  sulfide  ore,  in 
which  magnetite  commonly  incorporates  numerous  grains 
of  the  molding  mass  of  pyrite. 

Holland  (1965)  established  an  equilibrium  diagram  of 
paleofugacities  (log  fs2-log  fo2)  for  the  association  of  iron 
sulfides  (pyrite  and  pyrrhotite)  and  oxides  (magnetite  and 
hematite)  (fig.  33).  By  using  thermodynamic  data  (Robie  and 
Waldbaum,  1968),  it  has  been  possible  to  calculate  the 
approximate  log  fs2  and  log  fo2  for  the  assemblage  pyrite- 
magnetite,  the  boundary  conditions  of  which  are  determined 
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by  the  equilibrium  lines  5,  2,  and  3  in  figure  33.  The 
estimated  paleofugacities  at  various  temperatures  are 
plotted  in  figure  34  and  listed  in  table  12. 

Secondary  magnetite. — The  secondary  magnetite  is  the 
fine-grained  magnetite  associated  with  pyrite  and 
sometimes  marcasite  (orebody  A,  drill  hole  SA  6, 334.5  m).  It 
occurs  as  minutely  crystalline  blebs  that  are  dispersed 
“graphically”  through  a  mass  of  fine-grained  pyrite  and  thus 
form  a  graphic  or  myrmekitic  texture  (in  the  conceptual 
sense  of  Edwards  (1947)  and  Ramdohr  (1969)).  This  mineral 
intergrowth  is  of  secondary  origin,  being  the  product  of  the 
breakdown  of  primary  pyrrhotite,  remnants  of  which 
commonly  form  inclusions  in  the  fine-grained  pyrite. 

Pseudomorphic  magnetite. — Pseudomorphic  magnetite  is 
a  minor  variety  that  occurs  as  lath-shaped  crystals, 
apparently  formed  by  the  replacement  of  hematite  (fig.  35). 
It  is  interesting  to  note  that  this  characteristic  texture, 
which  is  occasionally  referred  to  as  “mushketoffite,”  is 
mostly  developed  within  the  brecciated  and  tectonically 
disturbed  “magnetite  ore”  in  the  stockwork  zone  (orebody  C, 
drill  hole  SA  114). 

Ilmenite 

Ilmenite  (FeTiO.,),  in  general  very  rare,  is  commonly 
associated  with  the  massive  mineralization  of  orebody  D, 


TABLE  12.— Estimated  range  of  sulfur  and  oxygen  paleofugacities 
for  the  assemblage  pyrite-magnetite 


Temperature, 

°C  (°K) 

log  fs2 

log  fo2 

227  (500) . 

. -1.1  to  -15.3 

-35.0  to  -41.1 

327  (600)  . 

. -6.9  to  -10.4 

-26.7  to  -32.0 

427  (700) . 

. -3.9  to  -6.9 

-20.8  to  -25.4 

where  it  usually  forms  a  network  of  exsolved  crystals 
corresponding  to  ancient  titanomagnetite  (fig  36).  Grains 
are  commonly  euhedral  and  tubular  in  form,  although  they 
appear  shredded  owing  to  skeletal  growth.  Where  ilmenite 
is  associated  with  magnetite,  it  has  developed  lamellar 
crystals,  preferentially  in  the  central  part  of  the  ragged  and 
indented  magnetite  grain.  Locally,  it  has  been  marginally 
transformed  into  “leucoxene,”  its  common  alteration  form. 

Cassiterite 

Cassiterite  (Sn02)  is  generally  a  very  rare  constituent  of 
the  Jabal  $a’id  deposit.  It  has  been  identified  previously  only 
in  the  massive  ore,  but  detailed  examination  of  additional 
polished  sections  coupled  with  microprobe  analysis  has 
confirmed  the  presence  of  this  mineral  in  the  fringe  ore. 
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FIGURE  34. — Log  fs.2-log  f°2  diagram  for  the  assemblage  pyrite-magnetite.  Shaded  zones  indicate  the  range  in  the 

values  of  log  fs2  and  log  fo2  at  corresponding  temperatures. 


The  cassiterite  is  generally  subhedral  with  subrounded 
grain  boundaries  toward  associated  sulfide.  A  few  grains, 
however,  display  perfect  euhedral  growth  forms,  and,  where 
they  are  observed,  they  locally  contain  minute  droplets  of  the 
host  sphalerite  (fig.  37). 

In  contrast  to  the  other  identified  oxides,  which  exhibit  no 
particular  tendency  to  be  associated  with  a  single  sulfide 
phase,  the  occurrence  of  cassiterite  within  the  deposit  seems 
to  be  spatially  and  genetically  controlled  by  sphalerite 
(Bridge,  1972).  In  both  the  massive  and  the  fringe  ore,  it  is 
noted  that  the  cassiterite  is  constantly  intergrown  with 
sphalerite,  where  commonly  it  forms  small  disseminated 
grains  (20-30  Mm),  the  most  frequent  concentration  being  in 
relatively  rich  sphaleritic  ore.  Moreover,  qualitative 
microprobe  analysis  has  shown  that  zinc  is  the  only 
compositional  trace  element  of  cassiterite  to  be  detected  by 
this  method,  a  reflection  of  the  intimate  intergrowth  of  the 
two  minerals. 

This  characteristic  mineral  association  has  been  observed 
elsewhere  by  the  author  during  examination  of  polished 
sections  from  some  Canadian  massive  sulfide  deposits  in  the 


Matagami  and  Noranda  areas  (Horne  and  Orchan  Mines).  It 
has  also  been  described  recently  in  massive  sulfide  districts 
in  the  South  Iberian  Peninsula,  the  Caledonides,  Australia, 
and  elsewhere  (Aye  and  Picot,  1976). 


Hematite 

Hematite  (Fe203)  is  a  trace  constituent  of  the  Jabal  §a’id 
deposit,  two  distinct  types  of  which  have  been  identified— 
primary  hematite  and  pseudomorphic  hematite. 

Primary  hematite. — Primary  hematite,  which  is  readily 
recognized  in  drill  core  SA  114  (orebody  C)  is  intimately 
associated  with  magnetite.  With  massive  magnetite,  it 
shows  development  of  typical  tabular  growth  forms;  with 
sheared  magnetite,  it  occurs  as  radiated  aggregates  of 
needle-shaped  crystals  that  commonly  fill  in  between  the 
sheared  grains.  The  hematite  plates  and  aggregates  show  a 
marked  orientation  in  the  schistose  matrix  and  are  locally 
strongly  bent  and  apparently  folded  (fig.  38),  further 
evidence  of  a  strained  ore. 
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FIGURE  35.— Primary  euhedral  magnetite  (mg)  and  pseudo- 
morphic  magnetite  (m),  which  replaces  hematite  (hm).  Sample 
31104;  approximate  magnification  *250  (oil  immersion). 


FIGURE  36.— Network  of  ilmenite  (il)  exsolved  from  ancient 
titanomagnetite  with  pyrite  (pyr)  and  chalcopyrite  (ch). 
Sample  72;  approximate  magnification  *125  (oil  immersion). 


Pseudomorphic  hematite. — Pseudomorphic  hematite  is  a 
trace  variety  that  occurs  as  minute  lamellar  crystals 
apparently  formed  by  the  replacement  of  magnetite 
(martitization). 

The  alteration  to  hematite  seems  most  pronounced  at  the 
margins  of  magnetite  with  the  development  of  a  rim  of 
hematite  that  extends  into  the  interior  parts  and  leaves  only 
residual  areas  of  the  magnetite  crystal.  The  previous 
presence  of  magnetite  is  further  indicated  by  the 
preservation  of  its  original  habit  as  outlined  by  the 
pseudomorphic  lamellae  of  hematite. 

SULFIDES 

Pyrite 

General  aspects.— Pyrite  (FeS2)  is  the  most  abundant 
mineral  of  the  Jabal  §a’id  deposit  and  invariably 
accompanies  the  mineralization  in  all  orebodies,  although  in 
variable  proportions.  Mineralogically,  it  is  the  most 
interesting  sulfide  species,  as  it  generally  dominates  the 
textural  picture  of  the  ore. 

Apart  from  the  secondary  pyrite  already  described,  two 
main  types  of  primary  pyrite  distribution  are  recognized — 
massive  pyrite  and  colloform  pyrite.  The  massive  pyrite 
occurs  mostly  in  aggregates  but  also  commonly  as  single 
individual  crystals  forming  zones  of  disseminated  pyrite. 
Transitions  between  the  types  are  observed,  and  there  is  an 
extensive  range  of  fine-  and  coarse-grained  aggregates  and 
individuals. 

Maximum  uniformity,  however,  occurs  in  the  massive 
pyrite  type.  This  type  contains  the  densest  concentration  of 


pyrite  in  aggregate  forms  that  are  generally  fine  grained 
but  may  show  minor  grain-size  variation.  The  aggregates 
are  generally  irregular  and  variable  in  shape  and  tend  to 
follow  the  pyrite  faces  toward  the  matrix.  The  largest 
individuals  are  generally  found  among  the  single 
disseminated  Dyrite-type  crystals,  where  sizes  up  to  1  mm 
are  not  uncommon. 

Banding  in  pyrite  is  locally  developed  and  sometimes  can 
be  discerned  with  the  naked  eye  on  polished  surfaces  (drill 
hole  SA  38,  731.0  m;  drill  hole  SA  41, 430.1  m;  and  drill  hole 
SA  48,  220.8  m).  Observed  under  the  microscope,  it  consists 
of  fine,  delicate,  subparallel  bands  that  are  generally  well 
defined  but  commonly  discontinuous  and  interfingering 
(fig.  39).  Recrystallized,  these  bands  locally  show  subhedral 
development  of  the  constituent  pyrite  grains,  sphalerite 
occurring  as  the  matrix  material. 

A  conspicuous  feature  of  the  pyrite  is  its  spectacular 
colloform  texture,  which  comprises  fine-grained  bands  with 
roughly  concentric,  scalloped,  or  ovoid  outlines,  often 
alternating  with  included  zones  of  other  sulfides  (fig.  40). 
The  center  of  the  colloform  texture  is,  in  places,  made  up  of 
sphalerite,  whereas  pyrite  commonly  forms  the  outer  rim. 
Elsewhere,  however,  finely  crystalline  pyrite  displays 
delicate  lacelike  crustifications  independently  in  the 
gangue.  When  the  concentric  bands  are  etched  with 
concentrated  HN02,  they  are  seen  to  consist  of  a  very  fine 
grained  aggregation  of  individual  grains  (fig.  41),  probabaly 
developed  by  the  incipient  crystallization  of  pyrite  (Roedder, 
1968). 

Although  they  are  not  abundant  in  the  Jabal  §a’id  deposit, 
these  colloform  textures  are  quite  common  in  the  author’s 
material  and  are  well  developed  in  some  specimens.  Grain 
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FIGURE  37. — Euhedral  crystal  of  cassiterite  (ct)  included  in 
sphalerite  (s)  with  pyrite  (pyr).  Sample  26269;  approximate 
magnification  *400. 


size  varies  from  microcrystalline  up  to  1  mm,  but,  where 
they  have  been  recrystallized,  these  scalloped  textures  show 
gradual  transformation  to  polycrystalline  material  with 
subhedral  cubes  of  pyrite. 

Framboidal  masses  are  generally  a  minor  feature  of  the 
Jabal  §a’id  pyrite,  but,  where  they  are  observed,  they  are 
well  developed  as  spherules  ranging  from  10  to  40  /urn  in 
diameter  and  commonly  incorporated  in  silicate  gangue 
(fig.  42).  Etching  of  the  pyrite  spherules  with  concentrated 
nitric  acid  reveals  that  they  are  composed  of  an  aggregation 
of  pyrite  microcrysts  ranging  in  size  from  2  to  3  /um  and 
alined  along  concentric  growth  zones  defined  by  fine  gangue 
inclusions.  It  is  noted  further  that  the  pyrite  microcrysts 
partially  show  a  linear  arrangement  along  certain 
directions  suggestive  of  their  ordering  within  the  framboid. 

Electron  microprobe  analyses  show  that  the  framboids 
contains  only  iron  and  sulfur  and,  hence,  have  exactly  the 
same  chemical  composition  as  cubic  pyrite.  Moreover,  when 
the  framboids  were  examined  under  high  magnification 
*1400),  no  constituent  organic  matter  was  noted  within 
their  structure  .(fig-  43).  These  features  provide  indications 
of  the  inorganic  origin  of  the  framboids,  as  previously  stated 
by  Love  and  Amstutz  (1966)  and,  more  recently,  by  Massaad 
(1974). 

Grain  shape  and  morphology. — Apart  from  a  few  elongate 
grains,  the  cube  is  the  most  common  habit  of  the  Jabal  §a’id 
pyrite.  Usually,  however,  the  crystal  outlines  have  not 
reached  full  development,  and  subhedral  forms  dominate. 
The  most  perfect  crystal  outlines  are  found  among  the 
smaller  pyrite  grains,  which  are  generally  uniformly 


FIGURE  38. — Strained  hematite  (hm)  that  has  been  pseudo- 
morphosed  by  magnetite  (m)  with  primary  magnetite  (mg). 
Sample  31104;  approximate  magnification  *126. 


equidimensional,  indicative  of  similar  growth  rates.  As  the 
size  of  the  grain  increases,  the  degree  of  perfection  of  its 
outlines  decreases,  and  its  shape  becomes  more  irregular 
and  embayed. 

Skeletal  pyrite  in  single  grains  or  aggregates  is  frequently 
observed.  The  most  common  shapes  are  crosses  or  stars 
similar  to  those  from  the  Archean  Canadian  deposits 
(Machairas,  1966).  Where  it  is  observed  in  individual  grains, 
the  pyrite  shows  skeletal  growth  of  the  crystal  faces  with 
well-developed  growth  of  the  crystal  corners  and  edges  (fig. 
44),  probably  indicative  of  differences  in  growth  rates.  Most 
commonly,  however,  these  skeletal  forms  occur  in  pyrite 
aggregates  with  associated  galena,  sphalerite,  or 
chalcopyrite  and  generally  show  poor  development  of 
crystal  outlines.  Etching  of  skeletal  pyrite  contained  in  a 
core  of  chalcopyrite  reveals  a  concentric  zonal  pattern  of 
pyrite  alternating  with  included  zones  of  chalcopyrite. 

Mineral  inclusions. — Gangue  and  base-metal  inclusions 
in  pyrite  are  very  frequent  generally.  Locally,  however,  a 
few  totally  inclusion  free  pyrite  individuals  occur.  The 
nature  and  intensity  of  inclusions  in  pyrite  are  dictated  by 
the  surrounding  minerals.  Moreover,  the  relative  content  of 
inclusions  is  greater  in  the  coarser  grained  and  commonly 
embayed  pyrite  individuals. 

The  most  common  sulfide  inclusions  noted  are  blebs  of 
chalcopyrite,  sphalerite,  galena,  and  pyrrhotite.  These 
inclusions  show  a  wide  variation  in  shape  and  size  ranging 
from  minute  rounded  indentations  to  small  “islands”  within 
pyrite. 

Zoning. — Etching  of  pyrite  with  concentrated  nitric  acid 
reveals  distinct  zoning  in  the  coarser  grained  individuals 
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FIGURE  39.— P’inely  crystalline  Lands  of  pyrite  (pyr)  alternating 
with  quartz  gangue  (g)  and  sphalerite  (s).  Sample  102; 
approximate  magnification  *126. 


FIGURE  40.— Colloform  texture  comprising  pyrite  (pyr), 
sphalerite  (s),  and  chalcopyrite  (ch).  Sample  26274;  approxi¬ 
mate  magnification  x150. 


and  aggregates  (fig.  45),  which,  in  places,  can  be  traced 
through  members  of  the  smaller  surrounding  grains.  The 
zonal  pattern  consists  of  a  number  of  concentric  or  parallel 
layers  whose  thickness  varies  generally  between  15  and  30 
pm.  Both  euhedral  and  anhedral  growth  zones  occur.  The 
anhedral  zones  appear  mostly  in  the  interior  parts  of  the 
zonal  structures,  being  generally  irregular  or  subrounded 
layers  contained  within  euhedral  growth  zones.  Where  they 
are  observed  in  pyrite  aggregates,  these  euhedral  growth 
zones  are  locally  truncated  by  anhedral  pyrite  along  parts  of 
their  exterior  planar  boundaries.  Gangue  inclusions  are 
commonly  seen  within  pyrite  grains  and  occur  both  in  the 
nucleus  region  and  along  zonal  boundaries  and  thus  define 
the  internal  zonal  structure. 

Qualitative  electron  microprobe  analyses  of  several  zoned 
pyrite  grains  show  that  their  constituent  zonal  layers 
contain  only  iron  and  sulfur  and  are  thus  homogeneous 
chemically.  This  finding  suggests  that,  during  their  growth 
history,  the  pyrite  grains  probably  were  not  affected  by 
marked  compositional  variations. 

Deformation. — Brecciation  and  fracturing  in  pyrite  are 
commonly  met  with  and  reflect  both  tectonic  and 
preconsolidation  deformation.  These  features  are  mostly 
apparent  in  the  relatively  coarser  grained  pyrite  individuals 
that  locally  show  intense  fragmentation  and  cracking  (fig. 
46).  The  pyrite  cracks  generally  show  no  preferred 
directional  pattern  and  are  commonly  healed  by 
chalcopyrite,  sphalerite,  or  late-forming  tellurides. 


Chalcopyrite 

General  aspects.— Chalcopyrite  (CuFeS2),  the  most 
important  economic  mineral  of  the  Jabal  §a’id  deposit,  is 
particularly  concentrated  in  the  stockwork. mineralization, 
where,  in  certain  localities,  it  forms  up  to  50  percent  of  the 
total  sulfide  (drill  holes  S  A  26  and  S  A  53).  It  occurs  mostly  as 
disseminated  aggregates  and  patches  of  extremely  variable 
size  and  shape;  here  the  grains  may  be  independent  and  free 
or  may  form  intergrowths  with  other  sulfides  and  along 
sulfide  cracks  and  grain  boundaries.  Less  commonly,  the 
chalcopyrite  forms  colloform  bands,  generally  fine  grained 
but  well  developed  and  continuous.  These  bands  are 
interpreted  to  be  of  primary  depositional  origin  since  they 
generally  conform  and  are  constantly  associated  with 
commonly  observed  colloform  banding  of  other  sulfides  (fig. 
40). 

In  the  oxidation  zone,  which  extends  to  about  40  m  below 
the  surface,  the  chalcopyrite  is  partially  altered  to  the 
common  supergene  copper  mineral  covellite.  Close  to  the 
surface  and  along  rock  fractures,  where  meteoric  waters 
have  percolated,  the  partial  alteration  of  chalcopyrite  gave 
rise  to  chrysocolla  and  malachite. 

Grain  shape  and  morphology. — Euhedral  grains  of 
chalcopyrite  are  extremely  rare  and  have  been  observed 
only  in  a  single  specimen  of  disseminated  mineralization. 
The  crystals  are  commonly  pseudotetrahedral,  but  wedge- 
shaped  forms  have  been  noted  also.  These  crystals  are 
commonly  untwinned  and  occur  independently  in  the 
gangue. 
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FIGURE  41— Aggregation  of  pynte  microcrysts  in  colloform 
pyrite  (etched  with  a  concentrate  of  HN03).  Sample  58; 
approximate  magnification  x63. 


Apart  from  such  scattered  euhedral  forms,  the 
chalcopyrite  grains  are  predominantly  anhedral  and 
commonly  intertongue  to  form  compact  aggregates.  The 
grain  form  varies  from  rounded  or  elongated  in  the  fine 
shreds  and  blebs  to  highly  irregular  in  the  massive 
aggregates.  In  zones  that  have  been  intensively  sheared, 
these  aggregates  are  segregated  in  subparallel 
discontinuous  layers  whose  orientation  mimics  that  of  the 
accompanying  schistose  chloritic  gangue. 

Grain  boundaries  of  the  chalcopyrite  are  generally 
undulated  and  lobate  toward  sphalerite  and  pyrrhotite.  In 
intergrowth  with  pyrite,  however,  the  contact  relationship  is 
highly  variable,  as  it  has  been  greatly  influenced  by  the 
textural  features  of  the  associated  pyrite  grains.  In  many 
cases,  however,  it  is  seen  that  chalcopyrite  acts  as.  an 
interstitial  material  between  pyrite  intergranular 
boundaries  and  polycrystalline  aggregates  or  fills  fissures  of 
deformed  grains. 

Mineral  inclusions. — The  most  common  inclusions  in 
chalcopyrite  are  patches  of  sphalerite,  pyrrhotite,  and 
galena.  Pyrite,  magnetite,  and  gangue  mineral  inclusions, 
particularly  chlorite,  are  important  locally.  Minor 
inclusions  noted  in  chalcopyrite  are  native  metals  and 
tellurides;  these  minerals  are  particularly  frequent  in  the 
lower  part  of  the  deposit,  where  they  commonly  occur  as 
composite  inclusions.  Included  exsolution  products  in 
chalcopyrite  are  frequently  observed.  They  are  represented 
mostly  by  lamellar  cubanite  and,  to  a  lesser  extent,  by  thin 
films  of  pyrrhotite  and  mackinawite  as  well  as  by  small  stars 
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FIGURE  42. — Spheroidal  pyrite  (pyr)  with  interstitial  sphalerite 
(s).  Sample  26269;  approximate  magnification  x400. 


of  sphalerite.  Zoning  has  not  been  observed  on  etched 
chalcopyrite  surfaces,  neither  by  the  development  of  growth 
zones  nor  by  the  distribution  pattern  of  inclusions. 

Twinning. — Twinning  is  a  very  common  feature  of 
chalcopyrite  from  nearly  all  parts  of  the  deposit,  being  for 
the  most  part  readily  recognized  under  crossed  nicolsand  in 
places  distinctively  brought  out  by  etching.  It  is  usually 
present  in  the  form  of  thin  equidimensional  lamellae 
generally  with  rectilinear  outlines. 

The  size  and  intensity  of  growth  of  the  chalcopyrite 
lamellae  vary  considerably  within  the  deposit.  Maximum 
development,  however,  occurs  in  sheared  chalcopyrite-rich 
ore,  where  features  of  cataclasis  are  commonly  observed.  In 
such  occurrences,  the  lamellae,  which  are  relatively  coarse 
grained,  are  seen  to  be  bent  and  otherwise  distorted  locally 
(fig.  47).  In  most  respects,  they  correspond  closely  to  the 
“deformation  lamellae”  of  chalcopyrite  reported  by  Stanton 
and  Gorman  (1968)  from  the  Waite  Amulet  Mine  in  Canada. 
Moreover,  the  occurrence  of  these  coarsely  crystalline 
lamellae  within  intensely  deformed  ores  provides  further 
evidence  of  their  primary  dynamic  origin. 

Sphalerite 

General  aspects.— Sphalerite  (ZnS)  is  volumetrically  the 
second  base-metal  sulfide  of  the  Jabal  §a’id  deposit.  It  ranks 
next  to  chalcopyrite  but  is  generally  much  more  subordinate 
to  it  in  absolute  abundance  and  shows  relatively 
considerable  variation  in  quantity  from  place  to  place  in  the 
deposit.  Being  predominantly  concentrated  in  the  upper 
part  of  the  orebody,  where  it  is  mostly  present  in  a  massive 
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FIGURE  43.— Structure  of  a  pyrite  framboid.  Sample  26269; 
approximate  magnification  x1400. 


FIGURE  44.— Skeletal  pyrite  (pyr)  with  sphalerite  (s).  Sample  102; 
approximate  magnification  x202  (oil  immersion). 


FIGURE  45.— Zonal  texture  in  pyrite  (etched  with  a  concentrate  of 
HN03).  Sample  43;  approximate  magnification  x126. 


FIGURE  46.— Cataclastic  pyrite  (pyr)  with  fragments  and  cracks 
•  cemented  by  chaleopyrite  (ch).  Sample  50;  approximate 
magnification  x126. 
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FIGURE  47.— Deformation  lamellae  of  chalcopyrite  (ch)  with 
pyrite  (pyr)  (etched  with  a  concentrate  of  H2S04+KMn04). 
Sample  92;  approximate  magnification  *63. 


form,  the  mineral  acts  as  a  perfect  interstitial  material  to 
pyrite  and,  to  a  lesser  extent,  to  magnetite.  Banding  in 
sphalerite  is  occasionally  observed  in  the  massive  ore  and  is 
manifested  by  alternation  with  pyrite  and  thin  layers  of 
gangue,  as  well  as  by  the  development  of  colloform  and 
scalloped  textures  in  association  with  other  sulfide  (fig.  40). 
In  the  lower  part  of  the  orebody,  where  it  is  present  in  minor 
quantities,  the  sphalerite  generally  shows  a  patchy 
distribution,  being  commonly  incorporated  in  chalcopyrite. 

Grain  shape  and  morphology—  Euhedral  grains  of 
sphalerite  have  not  been  observed  with  certainty  throughout 
the  deposit.  The  mineral  occurs  typically  as  interlaced 
anhedral  grains  forming  massive  aggregates  of  highly 
variable  size  and  shape.  The  outlines  of  the  aggregates  are 
often  irregular  and  zigzagging,  being  generally  influenced 
by  the  coexisting  crystalloblastically  stronger  sulfide 
(Stanton,  1964),  particularly  pyrite  and,  to  a  lesser  extent, 
arsenopyrite.  Mutually  lobate  boundaries  with  chalcopyrite 
are  commonly  observed,  although  chalcopyrite  embayments 
with  ragged  outlines  locally  occur  in  sphalerite. 

Mineral  inclusions. — Being  a  typical  matrix  mineral, 
sphalerite  acts  as  a  host  for  many  grains  and  aggregates  of 
the  surrounding  sulfide.  The  most  common  inclusions  are 
serrate  and  irregular  patches  of  chalcopyrite  and  galena. 
Pyrite  and  magnetite  aggregates  are  generally  too  big  to  be 
considered  as  inclusions.  Minor  but  frequent  inclusions 
observed  in  sphalerite  are  small  grains  of  cassiterite  and,  to 
a  lesser  extent,  native  metal  and  telluride.  Minute  droplets 
of  chalcopyrite  are  also  occasionally  seen  to  be  concentrated 
in  the  central  portion  of  the  sphalerite  aggregates,  possibly 
indicative  of  exsolution. 


TABLE  13.— Microprobe  analyses  of  sphalerite  (in  percent) 


Sample 

Zn 

Fe 

Cu 

S 

Total 

Massive  ore  (HMS  240) . 

Stringer  ore  (HMS  85) . 

. 65.08 

. 62.71 

1.41 

4.14 

0.11 

32.33 

33.52 

98.82 

100.48 

Chemical  composition. — To  determine  the  trace-element 
content  of  sphalerite,  two  specimens — one  from  the  massive 
ore  (orebody  C,  drill  hole  SA  48, 202.2  m)  and  the  other  from 
the  stringer  ore  (orebody  C,  drill  hole  SA  38, 584.9  m)— were 
quantitatively  analyzed  by  the  electron  microprobe.  The 
results,  given  in  table  13,  show  that  the  only  trace  elements 
recorded  in  these  samples  are  iron  and  copper,  the  latter 
being  partly  due  to  inclusions. 

Twinning.— Twinning  is  commonly  shown  by  sphalerite, 
particularly  where  it  occurs  in  well-crystallized  aggregates. 
The  twinning  lamellae,  which  are  readily  recognized  by 
their  relief  on  polished  specimens,  become  easily  visible  on 
etching.  Generally,  they  show  polysynthetic  development 
with  undisturbed  rectilinear  outlines,  but,  in  places, 
translated  and  otherwise  dislocated  lamellae  are  seen, 
probably  caused  by  local  shearing.  Cataclastic  features, 
however,  have  not  been  observed  in  sphalerite,  as  the 
mineral  deforms  mostly  without  fracturing  (Ramdohr, 
1969)  and  possibly  adsorbs  dynamic  movement  through  the 
development  of  coarsely  crystalline  twins. 


Pyrrhotite 

General  aspects—  Pyrrhotite  (FeS)  is  volumetrically  an 
important  constituent  of  the  Jabal  §a’id  deposit  and,  like 
sphalerite  and  chalcopyrite,  occurs  in  all  orebodies, 
although  in  relatively  more  variable  and  erratically 
distributed  quantities.  The  intensity  and  extent  of  its 
occurrence  are  generally  manifested  in  three  conspicuous 
concentrations: 

1.  Important  quantities  of  pyrrhotite  are  observed  in  the 

more  tectonically  disturbed  parts  of  the  deposit, 
notably  in  the  sheared  chalcopyrite  stringer  ores  of 
orebodies  B  and  C.  In  contrast,  an  overall  paucity  of 
pyrrhotite  is  generally  noted  in  the  overlying, 
relatively  more  uniform  sphaleritic-rich  massive  ore 
of  orebody  C.  Thus,  it  would  appear  that,  on  the  scale 
of  the  orebody,  the  primary  distribution  of  pyrrhotite 
is  controlled  to  some  extent  by  the  characteristic 
mineral  zoning  pattern  already  described  in  the 
association  of  massive  and  stringer  ore  (fig.  31  and 
32). 

2.  Small  veins  of  pyrrhotite  and  chalcopyrite  are  occa¬ 

sionally  seen  near  or  within  the  sphaleritic  massive 
ore.  These  veins,  however,  grade  upward  into  almost 
totally  pyrrhotite  dominated  disseminations  in  the 
cherty  layer  of  the  hanging  wall  and  extend  further 
out  into  the  overlying  rhyolitic  and  tuffitic  facies, 
where  pyrrhotite  becomes  by  far  the  major 
constituent  of  the  barren  and  uneconomic  sulfide 
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disseminations  described  earlier.  These  veins 
correspond  to  lateral  or  internal  secretions  related  to 
tectonic  disturbances,  as  they  are  discordant  and 
clearly  secant  to  the  massive  ore  layer  and  locally 
show  evidence  of  deformation. 

3.  Finally,  extensive  occurrences  of  pyrrhotite  are 
encountered  in  the  pyrite-dominated  copper-poor 
massive  mineralization  or  orebody  D  and,  to  some 
extent,  in  the  massive  mineralization  of  orebody  A. 
At  such  localities,  there  is  a  general  sympathetic 
association  of  pyrite  and  pyrrhotite,  commonly  with  a 
notable  frequency  of  pyrite  inclusions  in  pyrrhotite, 
in  a  manner  suggesting  the  corrosion  and  eventual 
transformation  of  pyrite  into  pyrrhotite,  probably 
due  to  low-grade  regional  metamorphism  or  some 
drop  in  sulfur  fugacity. 

Grain  shape  and  morphology. — Euhedral  grains  of 
pyrrhotite  are  generally  very  rare  but  have  been  observed  in 
some  localities  (orebody  B,  drill  hole  SA  26, 255.9  m;  orebody 
C,  drill  hole  SA  53, 344.2  m).  They  occur  in  the  form  of  small 
spindle-shaped  or  tabular  crystals  of  variable  grain  size  that 
commonly  show  random  distribution  in  the  gangue.  This 
lamellar  variety  has  been  interpreted  to  result  from  the 
transformation  of  hexagonal  to  monoclinic  pyrrhotite 
(Ramdohr,  1969). 

As  a  rule,  however,  allotriomorphic  developement  is  the 
prevailing  mode  of  occurrence  of  pyrrhotite.  The  mineral 
commonly  shows  multiple  growth  of  anhedral  grains 
varying  from  irregular  patches  in  the  stringers  and 
disseminations  to  massive  aggregates  in  the  sterile  and 
pyritic  mineralization.  The  aggregate  outlines  are  generally 
dictated  by  the  associated  sulfides,  notably  pyrite  and 
chalcopyrite.  In  most  respects,  the  relationship  is  closely 
similar  to  that  observed  in  sphalerite  and  chalcopyrite. 

Mineral  inclusions. — Chalcopyrite  and  sphalerite 
commonly  form  inclusions  in  pyrrhotite.  In  addition, 
frequent  inclusions  of  tellurides  are  commonly  observed. 
The  pyrrhotite,  however,  contains  no  trace  elements  that  can 
be  detected  by  electron  microprobe  analysis. 

Twinning. — Twinning  has  been  observed  in  some 
pyrrhotite  aggregates,  particularly  those  that  occur  in 
strained  ores.  It  is  present  in  the  form  of  thin  needle-shaped 
lamellae  that  are  generally  well  oriented  within  individual 
grains,  the  twin  planes  extending  through  grain  boundaries. 
These  lamellae  are  interpreted  as  pressure  lamellae 
developed  in  the  course  of  the  deformation  history  of  the 
pyrrhotite  aggregates. 


Galena 

General  aspects. — Galena  (Pbs)  is  volumetrically  the  third 
base-metal  sulfide  of  the  Jabal  §a’id  deposit.  Ranking  next 
to  chalcopyrite  and  sphalerite  in  abundance,  its  overall 
quantity  is  clearly  much  less  than  that  of  these  minerals,  as 
assay  plots  indicating  a  relatively  low  content  of  lead 
illustrate;  most  values  are  generally  less  than  0.2  percent  Pb 


for  the  Jabal  §a’id  ores.  Except  for  rare  specks  and 
impregnations  that  can  sometimes  be  seen  in  hand 
specimens  (drill  core  SA  106,  189  m),  the  mineral  is  chiefly 
observed  under  the  microscope,  where,  in  over  200  polished 
sections  examined,  minor  occurrences  of  the  mineral  reflect 
its  general  scarcity  in  the  deposit. 

The  distribution  of  galena  throughout  the  deposit  seems  to 
be  controlled  to  some  extent  by  the  primary  dispersion  of  the 
major  constituent  minerals,  particularly  pyrite  and 
sphalerite.  Ore  analyses  indicate  a  close  correlation  between 
zinc  and  lead,  the  best  lead  values  being  in  relatively 
sphalerite  rich  zones  preferably  situated  in  the  “cherty” 
massive  ore.  This  distribution  pattern  is  also  observed  in  the 
sphaleritic  “fringe”  ore  (fig.  31)  of  orebody  C,  where 
conspicuous  concentration  of  galena  occurs  with  massive 
sphalerite.  It  should  be  noted,  however,  that,  in  such 
common  association,  galena  remains  a  minor  constituent  of 
the  sphaleritic-pyritic  ore,  whereas  locally  important 
enrichment  of  sphalerite  occurs  without  noticeable  increase 
of  the  galena  content. 

Properties  of  grains  and  aggregates. — Where  galena  is  the 
dominant  sulfide  (in  some  polished  sections  examined),  it 
occurs  mostly  as  submassive  aggregates  with  well- 
developed  crystal  faces  and  cleavage  outlines  toward  the 
gangue  (drill  hole  SA  106,  189.6  m).  These  grade  into 
isolated  patches  of  irregular  size  and  distribution,  the  grain 
form  varying  from  rounded  or  elongate  in  the  smaller 
occurrences  to  highly  irregular  and  undulating  in  the  larger 
aggregates.  Being  more  commonly  associated  with  pyrite 
and,  to  a  lesser  extent,  with  sphalerite,  galena  appears 
chiefly,  however,  as  erratically  dispersed  intergrowths  that 
act  as  interstitial  material  to  these  minerals. 

Intergrowth  with  chalcopyrite  is  generally  rare,  and, 
where  it  is  observed  in  some  isolated  sections  (drill  hole  SA  6, 
201  m),  it  commonly  takes  place  along  the  interface  with  the 
gangue.  Being  among  the  most  mobile  sulfide  constituents  of 
the  ores,  chalcopyrite  and  galena  also  accompany  each  other 
along  pyrite  cracks  and  grain  boundaries. 

Regular  and  continuous  banding  of  galena  aggregates  has 
not  been  observed  in  polished  sections,  probably  owing  to  the 
sparse  occurrence  of  the  mineral  throughout  the  deposit. 
However,  in  the  massive  ore,  where  the  host  pyrite  is  by  far 
the  dominant  sulfide,  fine-grained  colloform  bands  of  galena 
are  occasionally  seen  alternating  with  texturally  similar 
bands  of  pyrite  and  sphalerite. 

Mineral  inclusions. — The  chief  inclusions  noted  in  galena 
are  sphalerite  and,  less  commonly,  pyrite.  Chalcopyrite 
inclusions  are,  however,  extremely  rare,  presumably  owing 
to  the  antipathetic  covariation  of  the  two  minerals.  Minor 
inclusions  observed  in  galena  are  small  specks  of  telluride, 
fahlore,  and  native  silver. 

Chemical  composition. — When  galena  was  analyzed 
quantitatively,  several  trace  elements  were  registered. 
These  include  Ag,  Au,  Bi,  Te,  and  Se  (table  14). 

It  is  noted  that  silver  and  gold  were  detected  in  massive 
ore  samples  and  do  not  occur  in  stock  work  ore  specimens.  On 
the  other  hand,  bismuth  and  tellurium  occur  chiefly  in 
stockwork  ore  specimens.  The  analyses  further  show  that 
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TABLE  14.— Microprobe  analyses  of  galena  (in  percent) 


Sample 

Pb 

Ag 

Au 

Bi 

Te 

Se 

S 

Total 

Massive  ore 

32489 . 

. 87.52 

0.14 

0.17 

0.00 

0.00 

0.16 

12.94 

100.93 

Do . 

. 86.39 

.01 

.01 

.00 

.03 

.27 

13.04 

99.75 

Stockwork  ore 

32511 . 

. 85.87 

0.00 

0.00 

0.00 

0.11 

0.99 

12.14 

99.11 

Do . 

. 84.78 

.00 

.00 

.24 

.17 

1.04 

12.53 

98.75 

Do . 

. 82.60 

.13 

.00 

.00 

.00 

1.63 

12.12 

96.54 

the  selenium  content  of  stockwork  galena  is  much  higher 
that  that  of  massive  ore,  although  the  range  of  values  is  very 
narrow.  These  features  suggest  that  the  trace-element 
content  of  galena  is  controlled  by  the  concentration  and 
distribution  of  these  elements  within  the  mineralization  and 
probably  also  by  its  temperature  of  formation  (replacement 
of  sulfur  by  selenium). 

Arsenopyrite 

Arsenopyrite  (FeAsS)  is  a  minor  constituent  of  the  Jabal 
§a’id  deposit.  The  mineral  is  mostly  associated  with  late 
pyrrhotite  veins  and  disseminations  and  with  lateral 
secretions  within  the  massive  fine-grained  mineralization. 
Several  disseminated  crystals  also  have  been  observed 
within  the  stockwork  ore,  where  grain  boundary 
relationships  of  the  mineral  suggest  its  relatively  late  stage 
development. 

Grains  are  generally  subhedral  with  rhomb-shaped 
sections  and  rectilinear  outlines.  Pyrite  and  sphalerite  are 
seen,  however,  to  disturb  the  form  of  arsenopyrite,  probably 
owing  to  local  replacement  along  grain  boundaries. 
Twinning  is  only  locally  observed  (drill  hole  SA  38,  751.3  m) 
and  is  represented  by  thin  subparallel  lamellae  that  can  be 
seen  on  the  mineral  surface.  Zoning  has  not  been  observed  in 
arsenopyrite,  most  crystals  being  homogeneous  optically 
and  showing  very  rare  inclusions. 

An  electron  microprobe  traverse  along  several  euhedral 
arsenopyrite  crystals  indicated  no  variation  in  the  chemical 
composition  of  the  mineral,  the  major  elemental  constituents 
being  iron,  arsenic,  and  sulfur.  Negative  results,  however, 
were  obtained  for  nickel,  cobalt,  and  antimony. 


Fa  h  lore 

Minerals  of  the  fahlore  (tetrahedrite-tennantite)  group 
are  very  rare  constituents  of  the  Jabal  §a’id  ores,  as  their 
general  scarcity  throughout  the  ensemble  of  polished 
sections  examined  shows.  Conspicuous  occurrences  of 
fahlore,  however,  are  observed  in  two  main  localities  within 
the  deposit: 

1.  In  the  massive  “cherty”  ore  of  orebody  C,  particularly 
toward  its  upper  stratigraphic  horizon  (drill  hole 


SA  38,  758.3  m;  drill  hole  SA  41,  430.1  m;  drill  hole 
SA  48,  206  m). 

2.  In  the  “fringe”  ore  of  the  same  orebody  and  chiefly 
along  its  peripheral  zone  (drill  hole  SA  106, 189.6  m). 

It  can  generally  be  seen  that  the  distribution  pattern, 
grain  size,  and  texture  of  the  fahlore  minerals  are  essentially 
similar  to  those  of  galena.  They  usually  occur  as  small 
anhedral  grains,  forming  irregular  aggregates  that  are 
intimately  associated  with  chalcopyrite  and  galena. 
Intergrowth  with  sphalerite  is  rare  and  commonly  takes 
place  where  the  fahlore  minerals  are  finely  dispersed 
between  grain  boundaries  of  the  host  pyrite. 

It  has  been  determined  chemically  that  the  fahlore 
minerals  contain  antimony  and  (or)  arsenic  and  thus  form  a 
solid-solution  series  between  tetrahedrite  (Cui2Sb4Si:?)  and 
tennantite  (Cui2As4Sw)  (Luce  and  others,  1977).  This 
variation  in  the  chemical  composition  renders 
determination  of  ipdividual  members  under  the  microscope 
uncertain.  In  the  Jabal  §a’id  ores,  however,  it  has  been 
possible  to  identify  the  two  minerals  on  the  basis  of  two 
characteristic  optical  properties,  which,  according  to 
Charlat  and  Levy  (1976)  and  P.  Picot  (personal  commun., 
1977)  serve  to  distinguish  the  falhore  series.  These 
properties  are  (1)  the  distinctly  higher  reflecting  power  of 
the  tetrahedrite  relative  to  tennantite  and  (2)  the  olive- 
brown  color  of  tetrahedrite  in  contrast  to  the  greenish  or 
bluish-gray  tints  of  tennantite.  The  identification  was 
further  confirmed  by  electron  microprobe  analyses,  which 
showed  relatively  large  variations  of  the  ratio  of  antimony  to 
arsenic  in  the  corresponding  analyzed  samples.  Further 
analyses  revealed  that  arsenic  fahlore  predominates  in  the 
lower  part  of  the  massive  ores,  whereas  antimonial  members 
tend  to  be  localized  in  its  upper  layers. 

The  minerals  of  the  fahlore  group  are  important 
economically,  as  they  are  among  the  major  silver  carriers  in 
the  Jabal  §a’id  deposit.  Quantitative  microprobe  analyses  of 
representative  fahlore  indicate  a  positive  correlation 
between  antimony  and  silver,  so  that  specimens  rich  in 
antimony  or  having  a  relatively  high  ratio  of  antimony  to 
arsenic  show  the  highest  silver  contents  (in  the  analyzed 
samples,  a  maximum  21.73  percent)  (table  15).  On  the  other 
hand,  specimens  containing  arsenic  with  a  marked 
dominance  over  antimony  are  relatively  poor  in  silver  and 
show  values  as  low  as  3.81  percent  Ag  (table  15). 

The  chemical  formula,  calculated  on  the  basis  of  12 
metallic  atoms,  shows  that  copper  occurs  together  with 
silver  on  analogous  structural  sites  (sites  requiring  10  atoms 
per  unit  formula)  (Charlat  and  Levy,  1974).  Also,  on  the 
diagram  proposed  by  these  authors  (fig.  48),  the  Jabal  §a’id 
analyses  tend  to  be  localized  on  the  Fe-(Zn+Hg)  line.  The 
presence  of  mercury  appears  only  in  the  sample  richest  in 
silver  (freibergite).  On  the  other  hand,  the  variety  richest  in 
arsenic  is  likewise  enriched  in  iron  (table  15). 

When  the  localization  of  the  analyzed  samples  within  the 
deposit,  shown  in  figure  49,  is  considered,  it  becomes 
apparent  that  the  silver  content  in  fahlore  increases 
markedly  in  ascending  order  through  the  massive  ore,  in 
accordance  with  the  noted  arsenic-antimony  variation.  Feiss 
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TABLE  15.— Microprobe  analyses  of  members  of  the  tetrahedrite-tennantite  series  in  the  Jabal  $a’id  deposit 


HMS  105  HMS  102  HMS  221 


Amount,  Atomic  Number  of  atoms  Amount,  Atomic  Number  of  atoms  Amount,  Atomic  Number  of  atoms 

Element  percent  quotient  per  unit  formulal  percent  quotient  per  unit  formulal  percent  quotient  per  unit  formula  1 


Cu . 22.26  0.3503  6.22  33.47  0.5267  8.79  39.02  0.6141  9.29 

Ag . 21.73  .2014  3.57  7.36  .0682  1.14  3.81  .0353  .53 

Hg . 27  .0013  .02  .00  —  —  .00  —  - 

Zn .  1.82  .0278  .49  3.86  .0590  .98  3.38  .0517  .78 

Fe .  5.31  .0951  1.69  3.64  .0652  1.09  5.14  .0920  1.39 

Sb .  24.36  .2001  3.55  17.09  .1404  2.34  3.93  .0323  .49 

As . -  2.39  .0319  .57  8.01  .1069  1.78  17.61  .2350  3.55 

S .  23.20  .7235  12.84  25.69  .8012  13.37  27.74  .8651  13.09 

Total . 101.34  99.12  100.63 


1  Calculated  on  the  basis  of  12  (Cu,  Ag,  Hg,  Zn,  and  Fe). 


(1974)  noted,  on  the  basis  of  preliminary  experiments,  that 
the  tetrahedrite-tennantite  composition  moves  rapidly 
toward  the  antimony  end  of  the  series  with  decreasing 
temperature.  As  figure  49  illustrates,  the  observed  variation 
in  the  ratio  of  antimony  to  arsenic  in  the  analyzed  samples  is 
consistent  with  a  zonal  decline  in  temperature  toward  the 
upper  part  of  the  deposit. 

Cubanite 

Cubanite  (CuFe2S8)  is  a  minor  but  widespread  constituent 
of  the  Jabal  §a’id  deposit.  Systematic  investigation  of  its 
distribution  shows  that  the  mineral  is  most  developed  within 
copper-rich  ores,  where  it  is  present  exclusively  as 
exsolution  plates  in  massive  chalcopyrite.  These  plates  are 
often  well  crystallized  (1. 5-2.0  mm  thick)  and  commonly 
show  multiple  growth  of  fine  lamellae  that  are  continuous 


Cu* 


for  several  millimeters  within  the  host  chalcopyrite  (fig.  50). 

Similar  cubanite  lamellae  also  have  been  observed  within 
the  massive  ores  of  the  deposit  (orebodies  A,  C,  and  D),  in 
association  with  secant  veinlets  of  chalcopyrite  and 
pyrrhotite;  here,  it  is  noted  that  exsolution  products,  such  as 
chalcopyrite  blebs  in  sphalerite  and  sphalerite  stars  in 
chalcopyrite,  are  generally  frequent,  suggestive  of 
relatively  high  temperatures  of  crystallization  (Ramdohr, 
1969). 

Independent  cubanite  is  extremely  rare  and  has  been 
observed  only  in  one  locality  (orebody  C,  drill  hole  SA  41, 
415.4  m),  where  the  mineral  forms  relatively  coarse  grained 
aggregates  associated  with  secant  veinlets  of  quartz  and 
carbonate.  These  aggregates  are  weakly  anisotropic  and 
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FIGURE  48. — Position  of  Jabal  §a’id  “tetrahedrites”  on  the  FIGURE  49. — Relationship  between  silver  and  the  ratio  of 
Cu-Fe-(Zn+Hg)  diagram  of  Charlat  and  Levy  (1974).  antimony  to  arsenic  in  fahlore  of  the  Jabal  $a’id  massive  ore. 
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CU 


FIGURE  50, — Exsolution  lamellae  of  cubanite  (cu)  in  chalcopyrite 
(ch)  with  inclusions  of  sphalerite  (s).  Sample  26294;  approxi¬ 
mate  magnification  *140. 


deformed  and  display  numerous  minute  cracks  along  which 
small  flamelike  lamellae  of  chalcopyrite  were  developed.  In 
several  respects,  this  phase  is  similar  to  that  described  by 
Cabri  and  others  (1973)  and  may  represent  a  transformation 
of  ancient  exsolved  laths  of  cubanite  (in  chalcopyrite)  during 
the  deformation  of  the  ores. 

Mackinawite 

Mackinawite  (FeS)  is  a  trace  constituent  that  has  been 
identified  in  all  orebodies.  It  occurs  as  tiny,  strongly 
bireflecting  inclusions  in  pyrrhotite  or  more  commonly  as 
fine  lamellar  “flames”  along  grain  boundaries  of 
chalcopyrite  and  pyrrhotite.  The  mineral  distribution  and 
textural  relationship  are  generally  similar  to  those  of 
cubanite. 

Cobaltite 

Cobaltite  (CoAsS)  is  a  trace  constituent  that  has  been 
identified  in  only  one  specimen  of  the  disseminated 
mineralization  intersected  by  drill  hole  SA46.  Examination 
of  assay  plots  shows  that  this  specimen  coincides  with  the 
core  interval  of  the  highest  isolated  copper  value  (3.20 
percent  Cu)  in  this  mineralization. 

The  mineral  occurs  typically  in  well-formed  euhedral 
crystals,  often  with  cubic  or  rectangular  sections  that  are 
sparingly  disseminated  in  pyrrhotite  and  chalcopyrite. 


Quantitative  microprobe  analyses  of  cobaltite  from 
sample  HMS  233,  given  below,  show  that  the  cobalt  is  partly 
replaced  by  iron: 


Element 

Amount, 

percent 

Co . 

. 32.18 

Fe  . 

.  4.63 

As . 

. 42.17 

S . 

. 20.86 

Total . 

. 99.84 

Argentite 

Identified  exclusively  in  the  brecciated  massive  ore 
mineralization  of  orebody  A  (drill  hole  SA  107 , 124.90  m), 
argentite  (Ag2S)  forms  irregular  aggregates  ranging  in  size 
from  20  to  100  pm,  often  intergrown  along  the  contact  of 
chalcopyrite  and  gangue. 

Microprobe  analyses  showed  that  the  mineral  is  a  variety 
with  a  low  copper  content  (table  16).  The  corresponding 
crystallochemical  formulas  are: 

(Agl.9lCu0.04)l  .95$  1.04 
(Agi.9oCUo  .04)1.9481.06 

NATIVE  ELEMENTS 

The  native  elements  include  bismuth,  tellurium,  silver, 
and  gold. 


Bismuth 

Bismuth  (Bi)  forms  a  trace  intergrowth  with  tetradymite 
in  orebody  C  (drill  hole  SA  47,  470.9  m). 


Tellurium 

Tellurium  (Te)  is  identified  in  only  one  specimen  of 
orebody  A  (drill  hole  S  A  6, 200  m),  where  it  occurs  as  a  small 
acicular  inclusion  in  pyrite  in  association  with  altaite.  A 
qualitative  microprobe  investigation  showed  that  this  phase 


TABLE  16.— Microprobe  analyses  of  argentite  from 
sample  31106  bis 


Grain  1 

Grain  2 

Element 

Amount, 

percent 

Atomic  Number  of  atoms 
quotient  per  unit  formulal 

Amount, 

percent 

Atomic  Number  of  atoms 
quotient  per  unit  formula! 

Ag . 

..  86.12 

0.7984 

1.91 

85.49 

0.7925 

1.90 

Fe . 

..  .19 

— 

— 

.00 

— 

— 

Pb . 

..  .29 

— 

— 

.00 

— 

— 

Cu . 

..  1.09 

.0171 

.04 

1.15 

.0181 

.04 

S . 

Total.. 

..  14.03 
.101.72 

.4375 

1.04 

14.12 

100.76 

.4403 

1.06 

I  Calculated  on  the  basis  of  3  ( Ag,  Cu,  and  S). 
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consists  purely  of  elementary  tellurium.  No  trace 
constituents  were  detected. 

Silver 

Silver  (Ag)  commonly  occurs  as  tiny  microscopic  droplets 
in  galena  (orebody  A,  drill  hole  S  A  6, 200  m),  although,  at  one 
locality  where  galena  is  relatively  abundant  (orebody  C, 
drill  hole  SA  106,  189.6  m),  a  euhedral  silver  grain  about  50 
Mm  in  size  was  observed.  Qualitative  microprobe  analyses 
show  that  native  silver  is  an  alloy  containing  an  appreciable 
amount  of  gold. 

Gold 

Gold  ( Au)  has  been  identified  mostly  in  the  massive  sulfide 
mineralization  (orebodies  A  and  C).  It  is  commonly  seen  as 
tiny  rounded  blebs  ranging  in  size  from  6  to  10  Mm,  but  some 
subhedral  grains  averaging  about  30  Mm  were  noted  locally. 

Two  principal  forms  of  gold  occurrence  have  been 
observed: 

1.  Simple-phase  inclusions  in  galena,  pyrite,  or 

chalcopyrite,  preferably  situated  in  the 
neighborhood  of  hessite  grains.  Such  inclusions  can 
be  seen  both  in  the  fine-grained  massive  ore  (orebody 
C,  drill  hole  SA  48,  220.8  m)  and  in  the  brecciated 
massive  ore  (orebody  A,  drill  hole  SA  6,  201.0  m). 

2.  Inclusions  in  the  silver  telluride  hessite  (Ag2Te),  which 

itself  is  included  in  massive  sphalerite.  This 
concentration  of  gold  grains  is  by  far  the  most 
conspicuous  observed  in  the  massive  ore  of  orebody  C 
(drill  hole  SA  48). 

Within  the  underlying  stockwork  ore,  gold  is  generally 
very  rare;  where  it  is  observed,  it  commonly  occurs  as 
minute  inclusions  in  chalcopyrite  (drill  hole  SA  53,  349.2  m) 
or  forms  the  binding  material  of  cataclastic  pyrite,  being 
always  in  association  with  hessite  (drill  hole  S A  40, 430.7  m). 

It  would  appear,  therefore,  that  the  search  for  gold  in  an 
occasional  ore  sample,  whether  of  massive  or  stockwork 
mineralization,  would  be  best  directed  through  careful 
examination  for  inclusions  of  hessite  (although  important 
enrichment  of  hessite  can  take  place  without  noticeable 
increase  in  the  content  of  gold). 

The  chemical  composition  of  the  gold  has  been 
investigated  quantitatively  by  the  electron  microprobe.  The 
results  are  shown  in  table  17,  in  which  it  can  be  seen  that 
silver  is  an  important  constituent  of  the  alloy;  thus,  the  metal 
is  the  argentiferous  “electrum”  variety  (0.51  percent  Au, 
0.48  percent  Ag).  This  apparently  explains  the  brilliant 
white-yellowish  tint  of  the  gold  as  seen  in  the  polished 
sections  examined. 

TELLURIDES 

The  tellurides  are  important  trace  minerals  of  the  Jabal 
$a’id  deposit.  Detailed  investigation  of  their  distribution 


TABLE  17.— Microprobe  analyses  of  gold  from  sample  48 


Amount,  Atomic  Number  of  atoms 


Element  percent  quotient  per  unit  formula 


Au .  66.57  0.3380  0.51 

Ag .  34.36  .3185  .48 

Bi . 10  .0005  — 

Se . 10  .0013  — 

Total  .  101.13 


shows  that  these  minerals  are  concentrated  within  the 
massive  and  copper-rich  stockwork  mineralization  of  the 
various  orebodies,  where  they  are  commonly  intergrown 
with  chalcopyrite,  pyrrhotite,  and  sphalerite.  Minor  but 
locally  important  quantities  of  telluride  have  been  observed 
also  in  association  with  secant  veins  of  chalcopyrite  and 
pyrrhotite  within  the  massive  fine-grained  mineralization 
as  well  as  within  barren  pyrrhotite  disseminations. 

Owing  to  their  minute  sizes  and  intimate  polymineralic 
intergrowth,  an  exhaustive  program  was  undertaken  to 
examine  the  tellurides  in  detail  by  using  high-power 
magnification,  oil  immersion,  and  electron  microprobe 
analyses.  The  presence  of  five  known  species  and  three 
unidentified  telluride  phases  was  revealed  in  the  polished 
sections  examined. 

Hessite 

Hessite  (Ag2Te)  is  the  most  common  telluride 
encountered.  Being  one  of  the  most  widespread  trace 
constituents,  the.mineral  has  a  certain  economic  importance 
as  a  silver  carrier  of  the  Jabal  §a’id  ores.  It  usually  occurs  as 
fine  microscopic  aggregates  of  anisotropic  grains  showing 
characteristic  lamellar  twinning.  Grains  are  typically 
anhedral  with  irregular  or  subrounded  forms,  the  size  of 
which  may  sometimes  reach  to  100  Mm. 

In  orebodies  A  and  B,  hessite  forms  small  inclusions  in 
chalcopyrite,  pyrrhotite,  or  sphalerite,  commonly  in 
association  with  other  tellurides.  In  the  economically 
important  mineralization  of  orebody  C,  however,  the 
mineral  is  relatively  coarse  grained,  occurs  more 
frequently,  and  can  be  observed  in  two  types  of  intergrowth 
and  milieu: 

1.  In  the  massive  ore,  it  forms  locally  noticeable 

accumulations  of  relatively  large  inclusions  in 
sphalerite  (fig.  51),  where  it  is  often  intimately 
intergrown  wth  gold  (drill  hole  SA  48,  220.8  m). 

2.  In  the  stockwork  ore,  where  the  mineral  is  commonly 

seen,  hessite  occurs  mostly  in  association  with  other 
tellurides,  usually  forming  inclusions  in  chalcopyrite 
or  cementing  cracks  of  pyrite  (drill  hole  SA  40, 453.2 
m).  In  a  few  cases,  it  forms  independent  anhedral 
grains  in  the  gangue. 

Hessite,  however,  has  not  been  observed  in  the  polished 
sections  collected  from  the  pyritic  mineralization  of  orebody 
D. 

The  chemical  composition  of  hessite,  as  investigated  by 
electron  microprobe,  is  shown  in  table  18. 


MINERALOGICAL  FEATURES  OF  THE  MINERALIZATION 


53 


FIGURE  51. — Hessite  (hs)  forming  inclusions  in  massive  sphalerite 
(s).  White  intergrowths  are  chalcopyrite  (ch)  and  pyrite  (pyr). 
Sample  26308;  approximate  magnification  *126. 


The  low  tenor  in  lead  is  due  to  the  altaite  associated  with 
the  analyzed  hessite.  By  subtracting  the  lead  and  the 
corresponding  quantity  of  tellurium  in  the  form  of  PbTe,  the 
obtained  formula  of  hessite  was  Ag196Te104»  which 
approaches  the  ideal  formula  of  the  mineral. 


Altaite 

Altaite  (PbTe)  is  the  next  most  frequent  telluride  after 
hessite.  The  dispersed  and  seemingly  erratic  distribution  of 
the  mineral  throughout  the  deposit  reflects  the  role  of  lead  as 
a  mobile  constituent.  Generally,  there  appears  to  be  a 
tendency  for  altaite  to  form  minute  microscopic 
segregations  mainly  within  pyrrhotite,  less  commonly 
within  chalcopyrite,  and  often  in  intergrowth  with  hessite 
and  galena.  The  mineral  has  been  observed  (1)  in  the  low- 
grade  pyrrhotite-chalcopyrite  disseminations  (drill  hole  SA 
46,  244.7  m)  and  (2)  in  certain  pyrrhotite-dominated  layers 
within  the  pyritic  mineralization  of  orebody  D  (drill  hole  ,SA 
27,  354  m).  At  such  localities,  altaite  occurs  independently 
and  shows  no  intergrowth  with  other  tellurides. 

In  addition  to  such  dispersed  occurrences,  conspicuous 
concentration  of  altaite  is  found  in  the  cupriferous 

TABLE  18.— Microprobe  analyses  of  hessite  from  sample  HMS  111 


Atomic 

Amount,  Atomic  quotient  Number  of  atoms 


Element  percent  quotient  Ag2  Te  per  unit  formulal 


Ag .  60.22  0.5583  0.5583  1.96 

Te .  38.58  .3023  .2947  1.04 

Pb .  1.58  .0076  —  — 

Total .  100.38 


1  Calculated  on  the  basis  of  a  total  of  3. 


stockwork  mineralization  of  orebodies  A,  B,  and  C,  where 
fairly  large  aggregates  of  the  mineral  (300  Mm)  are  locally 
seen  in  chalcopyrite. 

Several  analyses  of  altaite  made  with  the  help  of  the 
electron  microprobe  (table  19)  show  that  the  mineral 
contains  a  series  of  elements  in  the  form  of  minor 
constituents — namely,  Ag,  Au,  Bi,  Se,  and  S.  Most  of  these 
appear  in  a  dispersed  manner.  It  is  noted,  however,  that  gold 
is  present  in  the  majority  of  the  analyses;  there  is  likewise  a 
weak  tenor  in  bismuth,  which  seems  to  correlate  with  gold. 
This  suggests  that  the  altaite  probably  contains  minute 
inclusions  of  maldonite  (Au2Bi),  although  high-power 
examination  of  the  polished  section  containing  the  analyzed 
grains  did  not  confirm  the  presence  of  this  mineral  in  altaite. 
The  tenor  in  gold  could  be  explained  by  the  frequent 
association  of  altaite  with  hessite.  However,  a  limited 
solubility  of  gold  in  the  altaite  structure  cannot  be  excluded 
if  the  solid-solution  model  PbS-Ag  is  taken  into 
consideration.  The  tellurium  is  slightly  replaced  by 
selenium  and  sulfur,  the  tenor  of  selenium  being  quasi- 
systematically  more  important.  It  is  interesting  to  note  that 
Simpson  (1912)  found  selenium  in  altaite  of  the  Kelgoorlie  in 
Australia. 

The  analyses  of  altaite  grains  were  made  in  the  same  drill 
hole  (SA  112)  but  at  different  depths.  As  table  19  shows, 
there  is  no  apparent  relationship  between  depth  and 
composition  with  regard  to  the  distribution  of  the  minor 
elements  in  altaite. 


Tellurobismuthite 

Tellurobismuthite  (Bi2Te3)  is  quantitatively  the  third 
telluride  of  the  Jabal  §a’id  deposit.  Ranking  next  to  hessite 
and  altaite,  however,  it  is  much  less  abundant  and  has  been 
identified  only  in  the  stockwork  mineralization. 

The  mineral  occurs  mostly  as  small  lamellar  intergrowths 
in  constant  association  with  altaite  and  (or)  hessite,  but,  in 
the  lower  part  of  the  stockwork  mass  of  orebody  C,  where  it  is 
relatively  common,  it  is  locally  seen  as  well-formed  tabular 
plates  and  irregular  aggregates  dispersed  independently  in 
chalcopyrite  and  pyrrhotite. 

The  chemical  composition  of  tellurobismuthite  was 
qualitatively  investigated  by  scanning  electron  microprobe, 
which  showed  that  bismuth  and  tellurium  are  the  only  major 
constituents.  No  minor  elements,  however,  were  detected  in 
this  telluride  phase. 


Tetradymite 

Tetradymite  (Bi2Te2S)  is  similar  in  distribution  and 
intergrowth  to  tellurobismuthite.  It  is,  however,  a  very  rare 
constituent  and  has  been  identified  in  only  three  specimens 
of  stockwork  ore.  The  mineral  occurs  typically  in  small 
lamellae  or  irregular  aggregates  intimately  intergrown 
with  hessite  (orebody  A,  drill  hole  SA  110,  225.75  m), 
frohbergite  (orebody  C,  drill  hole  SA  45,  420.60  m),  and 
native  bismuth  (orebody  C,  drill  hole  SA  47,  470.90  m). 
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TABLE  19.— Microprobe  analyses  of  altaite  from  drill 

[Slight  total  deficiencies  of  analyses 


275.60  m 

334.50  m 

363.67  m,  grain  1 

Number  of 

Number  of 

Number  of 

Amount, 

Atomic 

atoms  per 

Amount, 

Atomic 

atoms  per 

Amount, 

Atomic 

atoms  per 

Element 

percent 

quotient 

unit  formula* 

percent 

quotient 

unit  formula* 

percent 

quotient 

unit  formula* 

Pb . 

. 59.95 

0.986  "I 

62.19 

0.998  ^ 

1.002 

59.21 

0.961  ^ 

Ag . 

Au . 

. 30 

. 02 

.009 

.000 

•  0.999 

.14 

.00 

.004  J 

.05 

.11 

.001 

.002 

►  0.971 

Bi . 

. 22 

.004 

.00 

.42 

.007  J 

Te . 

. 36.95 

.987  ^ 

►  1.001 

37.79 

.985  1 

38.71 

1.021 ' 

Se . 

. 32 

.014 

.01 

.000 

V  .997 

.15 

.006 

}  1.029 

S  . 

. 00 

.11 

.012 

.02 

.002 

Total . 

. 97.75 

100.25 

98.66 

^  Calculated  on  the  basis  of  2  atoms  per  cell. 

Although  it  is  optically  similar  to  tellurobismuthite, 
tetradymite  can  be  distinguished  by  its  yellowish  tint,  its 
relatively  lower  reflecting  power,  and  the  uncharacteristic 
hues  of  its  polarization  colors. 


Frohbergite 

The  iron  ditelluride  frohbergite  (FeTe2)  is  a  very  rare 
mineral  that  until  now  has  been  reported  only  from  the  Robb 
Montbray,  Noranda,  and  other  telluride  districts  in  Canada 
(Thompson,  1947,  1949;  Rucklidge,  1969).  In  the  Jabal  §a’id 
deposit,  it  was  observed  in  a  single  specimen  of  the 
stockwork  mineralization  of  orebody  C  (drill  hole  SA  45, 
420.6  m),  where  the  tellurides  are  relatively  common.  The 
pinkish-lilac  hue  and  the  typical  purple-red  to  ink-blue 
anisotropic  color  variations  serve  to  distinguish  frohbergite 
from  other  tellurides.  The  mineral’s  identity  was  further 
confirmed  by  qualitative  microprobe  analyses.  In  the 
polished  section  examined,  the  mineral  occurs  as  small 
splinters  commonly  forming  fringes  up  to  80  nm  wide 
around  pyrrhotite  in  contact  with  chalcopyrite,  pyrite,  and 
tetradymite. 


Unidentified  silver  and  bismuth  tellurides 

Using  high-power  magnification,  the  author  identified 
two  minute  telluride  intergrowths,  both  of  which  have  a 
bismuth-silver  telluride  composition  but  different 
structural  formulas  and  optical  properties. 

Phase  x.— The  first  telluride  (phase  x)  occurs  as  acicular 
or  platy  inclusions  (15-20/im)  in  altaite  (fig.  52).  The  color  of 
the  mineral  is  white  with  a  distinct  pinkish  tint,  similar  to 
tellurobismuthite,  but  with  a  relatively  higher  reflecting 
power.  The  anisotropy  is  very  weak  and  shows  no  distinct 
colors. 

The  microprobe  analyses  of  this  compound  (table  20)  led  to 
the  corresponding  physiochemical  formula  Ag0.97Bio.98 
(Te2.o4So.oi)2.o5*  The  ideal  formula  of  this  phase  consequently 
can  be  written  AgBiTe2.  This  phase  is  identical  with  the 
phase  identified  in  the  mineralization  of  Mahd  adh  Dhahab 
(fig.  53),  where  the  dimensions  of  the  grains  have  permitted 


measurement  of  its  reflecting  power  to  be  made. 
Unfortunately,  it  has  not  been  possible  to  make  X-ray 
measurements  of  this  phase  owing  to  the  small  size  of  the 
grains. 

Bezsmertnaya  and  Soboleva  (1963)  reported  the  presence 
of  a  mineral  having  the  same  composition  as  phase  x  in  the 
gold  deposits  of  Armenia.  Later,  they  carried  out 
experimental  studies  in  the  Ag-Bi-Te  system  and  named  the 
mineral  having  the  formula  AgBiTe2  “volynsbite”  (Z.  Johan, 
personal  commun.,  1979). 

The  fact  that  phase  x  is  systematically  associated  with 
altaite  could  be  interesting  from  the  thermodynamic  point  of 
view.  In  fact,  the  compound  AgBiTe2  exists  in  two  forms. 
The  high-temperature  form  has  a  structure  of  the  type  NaCl 
as  well  as  PbTe,  which  indicates  the  existence  of  a  PbTe- 


FIGURE  52. — Unidentified  silver-bismuth  telluride  (x)  forming 
inclusions  in  a  large  grain  of  altaite  (at)  along  the  contact  with 
chalcopyrite  (ch).  Sample  32494,  Jabal  §a’id;  approximate 
magnification  *200  (oil  immersion). 
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hole  SA  112  using  Pb,  Ag,  Au,  Bi,  Te,  and  Se  as  standards 

due  to  small  size  of  analyzed  grains] 


363.67  m,  grain  2 

376.50  m 

414.65  m,  grain  1 

414.65  m,  grain  2 

Number  of 

Number  of 

Number  of 

Number  of 

Amount, 

Atomic 

atoms  per 

Amount, 

Atomic  atoms  per 

Amount, 

Atomic  atoms  per 

Amount, 

Atomic 

atoms  per 

percent 

quotient 

unit  formula4 

percent 

quotient  unit  formula4 

percent 

quotient  unit  formula4 

percent 

quotient 

unit  formula4 

60.52 

0.976  1 

60.53 

0.994 1  «  qqo 

59.71 

0.979  1 

59.33 

0.982  1 

.10 

.003 

A  QQ1 

.14 

.004  J 

.00 

>  0.979 

.00 

„  A  QQ1 

.21 

.004 

>  u.yyi 

.00 

.02 

.000  J 

.22 

.004 

.50 

.008 

.00 

.00 

.31 

.005 

38.55 

1.009 

37.10 

.989  J 

38.22 

1.017  1 

37.20 

1.000  1 

1  AAQ 

.00 

.15 

.006  }  .999 

.00 

>  1.021 

.22 

.009 

.00 

.05 

.004  J 

.04 

.004  J 

.00 

99.87 

97.97 

97.98 

97.28 

AgBiTe2  solid  solution  due  to  the  isotypous  character  of  both 
phases  at  high  temperature.  At  low  temperature,  this 
solubility  diminishes  slightly,  and  an  exsolution  of  the  two 
phases  takes  place. 

Bezsmertnaya  and  Soboleva  indicated  an  inversion 
temperature  of  about  380°C  (Z.  Johan,  personal  commun., 
1979)  between  the  high-  and  low-temperature  phases  of 
AgBiTe2.  It  can  be  further  postulated  that  the  association 
altaite-AgBiTe2  resulted  from  the  instability  of  a  solid 
solution  that  has  formed  above  380°C. 

It  is  interesting  to  note  that  phase  x  does  not  contain 
selenium.  The  isotypous  character  with  the  phase  AgBiSe2 
and  the  presence  of  selenium  in  galena  could  indicate  the 
replacement  of  tellurium  with  selenium  in  phase  x.  This 
could  explain  the  systematic  association  of  AgBiTe2  with 
PbTe  but  never  with  PbS,  as  phase  x  appears  to  form  from  a 
relatively  high  temperature  solid  solution  with  PbTe. 

Phase  y— The  second  telluride  (phase  y)  forms  a 
microscopic  intergrowth  (10  Mm)  in  association  with  hessite 
and  galena  in  massive  chalcopyrite  (fig.  54).  It  is  white  in 
color  with  a  distinct  yellowish  tint.  The  anisotropy  is  distinct 
and  varies  from  pale  yellowish  to  bluish. 

The  results  of  the  microprobe  analyses  of  this  phase  (table 
20)  may  be  expressed  by  the  formula  Ag4.nBi2.95 
(Te4  8gS0.06)4.94>  which  permits  the  ideal  formula  to  be  written 
as  Ag4Bi3Te5.  An  extensive  review  of  the  current  literature 

TABLE  20.— Microprobe  analyses  of  Ag-Bi-Te  tellurides  from 

drill  hole  SA  112 


Phase  x4  Phase  y1 2 


Amount,  Atomic  Amount,  Atomic 

Element  percent3 4  quotient4  percent3  quotient4 


Ag . - . 18.14  0.971  26.17  4.109 

Au . - . 00  -  .00  — 

Bi . 35.55  .982  36.42  2.952 

Pb . - . 00  —  .00  — 

Te . 45.04  2.038  36.73  4.876 

Se  . 00  —  .01  .002  4.939 

S  . 04  .008  .12  .061 

Total . 98.77  99.46 


1 363.67  m. 

2 275.60  m. 

3Ag,  Au,  Bi,  Te,  Se,  and  PbS  standards. 

4  Calculated  on  the  basis  of  4  (Ag,  Bi.Te)  for  phase  x  and  12(Ag,Bi,Te,Se,  S)  for  phase  y. 


on  tellurides  revealed  no  mineral  with  an  identical  formula. 
It  can  be  demonstrated  readily  that  this  composition  does  not 
correspond  to  a  “line  of  mixture”  between  AgBiTe2  and 
Ag2Te.  Unfortunately,  the  small  size  of  the  mineral  did  not 
permit  an  X-ray  study  to  determine  its  crystallographic 
character. 


Unidentified  lead  and  silver  telluride 

Hessite  ( Ag2Te)  is  frequently  observed  in  the  stringer  ore, 
particularly  in  the  zone  intersected  by  drill  hole  SA  40 
(orebody  C),  where  it  sometimes  occurs  in  well-developed 
aggregates  (100  Mm)  intimately  associated  with  altaite 
(PbTe)  and  galena  (PbS).  In  this  association  and  along  the 


FIGURE  53.— Silver-bismuth  telluride  (x)  with  altaite  (at)  and 
chalcopyrite  (ch).  Sample  32572,  Mahd  adh  Dhahab; 
approximate  magnification  *200  (oil  immersion).  (Compare 
with  fig.  52.) 
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FIGURE  54.— Unidentified  silver-bismuth  telluride  (y)  in 
intergrowth  with  hessite  (hs)  and  galena  (ga)  in  chalcopyrite 
(ch).  White  part  is  altaite  (at).  Sample  32491;  approximate 
magnification  *200  (oil  immersion). 

border  zone  between  hessite  and  altaite  (fig.  55),  the  author 
has  recognized  a  very  small  (30  Mm)  intergrowth  compound, 
which  is  grayish  white  in  color;  when  galena  is  in 
association,  it  appears  to  have  a  light-bluish  tint.  The 
reflectivity  is  of  the  order  of  galena  (a  little  bit  lower)  and 
much  lower  than  that  of  altaite.  The  hardness  of  this 
unidentified  telluride  (t)  is  the  same  as  that  of  altaite.  Under 
crossed  nicols,  it  appears  to  be  isotropic  with  no  internal 
reflections.  Scanning  electron  microscope  analyses  of  the 
exposed  surface  of  this  intergrowth  compound  revealed  that 
it  is  composed  exclusively  of  three  elements— lead,  silver, 
and  tellurium,  as  figures  56,  57,  and  58,  respectively,  show. 

Electron  microprobe  quantitative  analyses  of  the  exposed 
surface  of  this  compound  confirmed  the  lead-silver- 
tellurium  elemental  composition  and  furnished  the 
following  data: 


Results  of  analyses, 
percent 

Atomic 

ratio 

Pb. 

.57.10 

0.2756 

A  g. 

.  6.85 

.0635 

Te. 

Total . 

.32.00 

.95.95 

.2508 

The  total  deficiency  of  the  analyses  is  due  to  the  minute 
dimension  of  the  analyzed  grain. 

The  results  of  the  analyses  should  be  considered  with 
caution,  as  the  possibility  that  a  mixture  with  altaite  has 
been  analyzed  cannot  be  discounted.  It  is  noted,  however, 
that  the  atomic  ratio  of  lead  to  tellurium  approaches  1(1.10). 
If  it  is  admitted  that  this  compound  could  be  a  member  of  the 
binary  PbTe-Ag2Te  system— which  appears  reasonable 


FIGURE  55.— Scanning  electron  microscope  photograph  showing 
the  association  hessite  (hs),  altaite  (at),  and  a  lead-silver 
telluride  compound  (t)  along  the  border  zone.  Note  the  patchy 
distribution  of  galena  (ga)  within  hessite  as  well  as  along  its 
outer  rim.  Lower  left  is  chalcopyrite  (ch).  Dark  areas  of  the 
photograph  are  gangue.  Sample  ill;  approximate 
magnification  *800. 

because  Ag2Te  can  occur  in  two  forms,  the  high- 
temperature  (>145°C)  phase  of  which  is  critical— the  Pb-Te 
ratio  of  1.26  obtained  following  the  subtraction  of  Ag2Te 
invalidates  this  hypothesis. 

Consequently,  this  problem  must  be  considered  open  to 
further  research,  with  the  hope  that  other  discoveries  of  this 
phase  will  provide  more  precise  data  on  its  chemistry. 

Thus,  it  may  be  concluded  tentatively  that,  if  this 
intergrowth  compound  represents  a  new  mineral  species  of 
the  telluride  family,  it  is  probably  a  reaction  mineral 
forming  at  the  expense  of  both  altaite  and  hessite. 

GANGUE  MINERALS 

In  order  to  determine  the  nature  of  the  gangue  minerals 
that  are  intimately  associated  with  the  mineralization,  more 
than  40  thin  sections  were  prepared  selectively  and 
systematically  from  corresponding  polished  sections.  The 
minerals  identified  were  quartz,  carbonate,  muscovite, 
chlorite,  epidote,  apatite,  fluorite,  and  zeolite. 

Quartz 

Quartz,  the  principal  gangue  mineral,  is  constantly 
associated  with  the  mineralization.  It  is,  however,  relatively 
more  frequent  in  the  massive  ore,  where  it  usually  forms  a 
mass  of  anhedral  crystals,  often  with  interlocking 
boundaries,  that  locally  display  colloform  banding  (orebody 
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FIGURE  56. — Scanning  electron  microscope  photograph  showing 
the  distribution  of  lead  (Pb)  through  the  minerals  shown  in 
figure  55.  Lead  (white  dots  on  the  photograph)  is  concentrated 
in  galena  (ga),  altaite  (at),  and  the  compound  (t),  as  can  be  seen 
from  the  distribution  pattern  of  this  element,  which 
corresponds  to  the  distribution  pattern  of  minerals  in  figure  55. 
Dark  areas  in  the  photograph  indicate  the  absence  or  deficiency 
of  lead  and  correspond  to  the  distribution  pattern  of  hessite  (hs), 
chalcopyrite  (ch),  and  gangue  in  figure  55.  Sample  111; 
approximate  magnification  *800. 


FIGURE  57.— Scanning  electron  microscope  photograph  showing 
the  distribution  of  silver  (Ag)  through  the  minerals  shown  in 
figure  55.  Silver  (white  dots  on  the  photograph)  is  concentrated 
mostly  in  hessite  (hs)  and  partly  in  the  compound  (t),  as  can  be 
seen  from  the  distribution  pattern  of  this  element,  which 
corresponds  to  the  distribution  pattern  of  minerals  in  figure  55. 
Dark  areas  in  the  photograph  indicate  the  absence  or  deficiency 
of  silver  and  correspond  to  the  distribution  pattern  of  galena 
(ga),  altaite  (at),  chalcopyrite  (ch),  and  gangue  in  figure  55. 
Sample  111;  approximate  magnification  *800. 


C,  drill  hole  SA  38,  695  m).  Less  commonly,  it  occurs  in 
veinlets  or  forms  coarse  phenocrysts  showing  zoning  and 
corrosion. 

Carbonate 

Carbonate  is  the  next  most  abundant  gangue  mineral  and, 
like  quartz,  accompanies  the  mineralization  in  all  orebodies. 
It  usually  occurs  as  fine  anhedral  aggregates  but  locally 
forms  coarsely  crystalline  masses.  In  a  few  cases,  the 
carbonate  appears  in  veinlets  or  small  aggregates  filling 
fractures  and  embayments  in  coarsely  crystalline  quartz. 

Muscovite 

Muscovite  (sericite)  is  a  very  common  mineral  that  is  always 
intimately  associated  with  the  mineralization.  It  occurs  as 
thin  platy  crystals  or  as  minutely  crystalline  aggregates  and 
shreds  (sericite). 

Chlorite 

#  ) 

Chlorite  is  the  characteristic  alteration  gangue  mineral. 
Examination  of  numerous  drill  cores  from  the  Jabal  §a’id 


deposit  reveals  a  close  positive  correlation  between  the 
occurrence  of  the  mineralization  and  fine-grained  masses  of 
black  or  green  chlorite.  Under  the  microscope,  this  chlorite 
occurs  as  thick  tabular  crystals  or  forms  massive 
cryptocrystalline  aggregates  that  show  considerable 
variation  in  their  optical  properties. 


Epidote 

Epidote  is  generally  a  rare  gangue  mineral,  but,  in  the 
pyritic  mineralization  of  orebody  D,  it  is  frequently  seen  in 
the  form  of  relatively  coarse  subhedral  grains  associated 
with  flakes  of  chlorite  and  sericite. 


Apatite 

Apatite  is  found  in  notable  concentration  in  one  specimen 
of  the  massive  ore  (orebody  C,  drill  hole  SA  45,  277  m).  It 
occurs  in  small  subhedral  crystals  that  are  randomly 
distributed  between  the  sulfides  and  the  siliceous  gangue.  It 
is  interesting  to  note  that  A.  Kosakevitch  (unpub.  data,  1978) 
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FIGURE  58— Scanning  electron  microscope  photograph  showing 
the  distribution  of  tellurium  (Te)  through  the  minerals  shown  in 
figure  55.  Tellurium  (white  dots  on  the  photograph)  is 
concentrated  in  the  three  tellurides  hessite  (hs),  altaite  (at),  and 
the  compound  (t),  as  can  be  seen  from  the  distribution  pattern  of 
this  element,  which  corresponds  to  the  distribution  pattern  of 
minerals  in  figure  55.  Dark  areas  in  the  photograph  indicate  the 
absence  or  deficiency  of  tellurium  and  correspond  to  the 
distribution  pattern  of  galena  (ga),  chalcopyrite  (ch),  and 
gangue  in  figure  55.  Sample  111;  approximate  magnification 
*800. 


reported  the  occurrence  of  geochemical  anomalies  of 
phosphorus  in  chert  at  this  locality  that  presumably  reflect 
the  presence  of  the  observed  apatite. 

Fluorite 

Fluorite  is  extremely  rare  and  has  been  identified  in  only 
one  locality  in  the  massive  ore  (orebody  A,  drill  hole  SA  6, 
118  m),  where  it  is  sparingly  disseminated  in  small  anhedral 
crystals  that  fill  in  between  the  associated  gangue  minerals. 

Zeolite 

A  zeolite  mineral  (whose  qualitative  chemical  composition 
was  determined  by  electron  microprobe  analyses)  has  been 
observed  in  one  specimen  of  orebody  D  (drill  hole  SA  36, 268 
m,  graphitic  tuffite  horizon)  forming  rare  radiating 
aggregates  in  association  with  quartz. 

GANGUE-SULFIDE  RELATIONSHIP 

Examination  of  many  polished  and  thin  sections  shows  no 
apparent  evidence  of  a  metasomatic  relationship  between 


gangue  and  sulfide  minerals;  there  are  no  recognizable 
features  indicating  that  the  sulfides  have  formed 
pseudomorphs  after  quartz,  chlorite,  sericite,  or  carbonate, 
nor  is  there  any  marked  preference  of  the  sulfides  for  zones 
rich  in  a  particular  gangue  mineral.  Rather,  it  is  generally 
seen  that  the  sulfides  such  as  pyrite,  arsenopyrite,  and 
sometimes  sphalerite  show  well-developed  crystal  faces 
oriented  toward  the  gangue  and  no  corrosion  of  the  sulfide 
grains  by  the  gangue  minerals.  Moreover,  etching  revealed 
that  gangue  inclusions  are  commonly  developed  around 
pyrite  zoning,  an  indication  that  pyrite  grains  were  formed 
around  original  gangue  materials  with  no  apparent 
replacement. 

Certain  recrystallized  gangue  minerals  such  as  chlorite 
and  sericite,  however,  seem  to  exercise  some  control  on  the 
shapes  of  the  sulfide  minerals,  as  they  are  seen  locally  to  cut, 
corrode,  and  otherwise  replace  gangue  material.  These 
features  suggest  that  the  sulfides  were  formed  prior  to 
regional  metamorphism  and  tectonism  and  not  by 
postmetamorphic  replacement  of  silicate  gangue  material. 

Mineralogical  features  of  the  various  mineralized 
masses  of  Jabal  §a’id 

OREBODY  A 

The  main  orebody  is  generally  characterized  by  a  fine¬ 
grained,  complex,  and  interbordered  mineralization.  The 
pyrite  is  commonly  euhedral,  fine  grained,  and  intimately 
associated  with  the  essential  minerals  sphalerite, 
chalcopyrite,  pyrrhotite,  magnetite,  and,  locally  galena. 
Tellurides,  mainly  altaite  and  hessite,  occur  frequently, 
chiefly  as  small  inclusions  sometimes  intergrown  with 
traces  of  gold  in  the  sulfide  minerals.  Also  to  be  noted  in  this 
zone  is  the  rather  frequent  occurrence  of  the  colloform 
texture  displayed  by  pyrite  and  chalcopyrite;  pyrite  also 
occurs  as  pyritospheres.  The  gangue  is  essentially  siliceous 
and  calcareous  and  less  commonly  chloritic. 

Toward  the  lower  part  of  orebody  A,  brecciated  and 
fragmental  ore  comprising  chiefly  pyrite  and  chalcopyrite 
predominates  and  grades  downward  into  veins  of  pyrite- 
chalcopyrite  mineralization  associated  with  minor 
pyrrhotite,  sphalerite,  and  frequent  tellurides  (altaite, 
hessite,  and  tetradymite).  The  pyrite  is  coarsely  crystalline 
and  cataclastic,  the  chalcopyrite  is  well  crystallized  and 
locally  contains  exsolution  blebs  of  sphalerite,  and  the 
gangue  is  rich  in  chlorite  together  with  quartz  and 
carbonates;  all  these  features  are  reminiscent  of  a 
stockwork-type  mineralization. 

OREBODY  B 

Orebody  B  comprises  (1)  an  upper  zone  composed  chiefly 
of  pyrite  and  sphalerite  together  with  minor  chalcopyrite, 
pyrrhotite,  and  magnetite  and  (2)  an  underlying  zone 
characterized  by  coarse-grained  mineralization  with 
abundant  pyrite  and  chalcopyrite  associated  with  common 
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pyrrhotite,  rare  magnetite,  and  traces  of  galena  and 
tellurides.  The  gangue  is  chlorite,  carbonate,  and  quartz.  To 
be  noted  also  is  the  presence  of  a  local  fringe  zone  (fig.  32) 
comprising  predominantly  sphalerite-chalcopyrite  and 
pyrite  mineralization. 


OREBODY  C 

As  with  orebody  B,  orebody  C  comprises  two  distinct 
zones,  an  upper  zone  of  massive  sulfides  and  a  lower  zone  of 
stringer  sulfides.  The  upper  mineralized  zone  is  marked  by 
"finely  crystallized,  intimately  intergrown  minerals,  chiefly 
sphalerite  and  pyrite,  with  subordinate  chalcopyrite, 
magnetite,  and  galena.  The  tellurides  are  common  and 
locally  display  notable  concentration  of  hessite  and  altaite. 
The  colloform  texture  is  present  and  is  shown  by  associated 
sphalerite,  chalcopyrite,  and  galena  in  addition  to  the  pyrite. 
Noteworthy  features  of  this  mineralized  zone  are  the 
constant  association  of  cassiterite  (whenever  it  is  present) 
with  sphalerite  and  the  presence  of  several  euhedral  crystals 
of  arsenopyrite.  The  gangue  is  chiefly  quartz,  carbonates, 
and,  less  commonly,  chlorite. 

The  lower  zone  is  characterized  by  a  mineralization  that  is 
rather  simple  but  well  crystallized.  The  principal  minerals 
are  chalcopyrite  and  pyrite,  associated  with  subordinate 
sphalerite  and  various  tellurides.  The  pyrite  is  commonly 
euhedral,  coarse  grained,  and  locally  fractured.  The 
chalcopyrite  is  massive  and  twinned  and  often  contains 
coarse  lamellae  of  cubanite.  Pyrrhotite  and  magnetite  are 
well  developed  locally,  whereas  galena  occurs  in  traces.  The 
tellurides  are  very  frequent  and  varied  (hessite,  altaite,  and 
tetradymite)  and  commonly  cement  pyrite  fissures.  The 
gangue  is  rich  in  chlorite  associated  with  quartz  and 
carbonates. 

The  fringe  zone  that  extends  down  the  flanks  of  the 
stringer  zone  (fig.  31)  consists  predominantly  of  pyrite- 
sphalerite  mineralization  with  minor  chalcopyrite  and  rare 
amounts  of  galena,  magnetite,  cassiterite,  and 
tetrahedrite— a  paragenesis  comparable  to  that  of  the 
massive  sulfide  zone. 


OREBODY  D 

In  orebody  D,  two  mineralized  levels  can  be  recognized. 
The  upper  level,  intersected  by  drill  holes  SA  27  and  SA  36, 
comprises  a  lens  of  massive,  finely  crystallized  sulfides 
consisting  chiefly  of  pyrite  and  sphalerite  with  subordinate 
chalcopyrite,  pyrrhotite,  and  magnetite,  rare  arsenopyrite 
and  galena,  and  traces  of  tellurides,  cubanite,  and 
cassiterite.  Framboidal  pyrite  and  colloform  textures  are 
well  developed  in  this  zone,  the  latter  being  displayed  by 
pyrite,  chalcopyrite,  sphalerite,  and  pyrrhotite.  The  gangue 
is  chiefly  quartz  and  carbonates. 

The  lower  level,  intersected  by  drill  hole  SA  36,  comprises 
a  lens  of  massive  sulfides  showing  well-crystallized,  coarse¬ 
grained,  interbordered  mineralization  of  dominant  pyrite 


associated  with  minor  quantities  of  chalcopyrite,  sphalerite, 
pyrrhotite,  and  magnetite.  A  well-marked  feature  of  this 
zone  is  the  frequent  association  of  euhedral  crystals  of 
magnetite  with  coarse  lamellae  of  ilmenite  corresponding  to 
ancient  titanomagnetites.  The  gangue  is  essentially  chlorite 
with  quartz  and  carbonates. 

Conclusion 

It  can  be  seen  that  the  four  mineralized  zones,  which 
correspond  to  the  massive  mineralization  of  the  Jabal  §a’id 
deposit  and  comprise  the  upper  parts  of  orebodies  A,  B,  and 
C  and  part  of  orebody  D,  display  marked  similarities  in  their 
mineralogical  and  textural  features.  Comparison  with  the 
stringer-type  mineralization,  which  comprises  the  lower 
parts  of  orebodies  B  and  C  and  part  of  orebody  A,  shows  that 
the  massive  mineralization  is  (1)  more  complex,  finer 
grained,  and  often  interbordered  and  thus  more  difficult  to 
treat;  (2)  generally  richer  in  zinc,  locally  showing  a  marked 
concentration  of  gold  (electrum)  and  silver  tellurides;  (3) 
generally  associated  with  a  gangue  that  is  less  chloritic  and 
more  siliceous  and  calcareous;  and  (4)  characterized  by  the 
manifestation  of  certain  textures  (that  is,  colloform  and 
framboidal)  that  are  absent  in  the  stringer-type 
mineralization. 

It  is  interesting  to  note,  however,  that  the  stringer-type 
mineralization  shows  a  close  spatial  relationship  with  the 
massive  mineralization  and  also  exhibits  certain 
mineralogical  and  textural  features  in  common  with  it. 
These  features  include  the  manifestation  of  exsolution  and 
deformation  textures  and  the  constant  association  of  the 
sulfides  with  tellurides. 

Furthermore,  in  addition  to  the  metal  zoning  observed  on 
the  scale  of  the  massive-stockwork  mineralization,  a  vertical 
zonality  of  the  minor  mineral  constituents  from  the  top  to  the 
bottom  of  the  deposit  has  been  established  (fig.  59).  Thus, 
whereas  the  fahlore  minerals  tent  to  occur  in  the  upper 
levels  of  the  massive  ore  (drill  holes  SA  48  and  SA  38),  the 
silver  telluride  hessite  and  gold  tend  to  be  concentrated  at 
relatively  lower  levels  (drill  holes  SA  47  and  SA  48). 

Within  the  underlying  stockwork  ore,  both  hessite  and  the 
lead  telluride  altaite  occur  in  the  uppermost  zone  (drill  holes 
SA  47,  SA  45,  and  SA  38),  but,  at  greater  depths,  where 
altaite  is  commonly  associated  with  the  bismuth  tellurides 
tellurobismuthite  and  tetradymite  (drill  holes  SA  47,  SA  48, 
SA  45,  and  SA  38)  and  locally  with  the  iron  telluride 
frohbergite  (drill  hole  SA  45),  it  becomes  the  predominant 
telluride. 

Finally,  an  exhaustive  study  was  undertaken  in  order  to 
investigate  the  localization  and  mode  of  occurrence  of  silver 
because,  in  over  200  polished  sections  examined,  only  two 
trace  silver  minerals  have  been  identified— namely,  native 
silver  and  argentite.  Consequently,  special  specimens  were 
selectively  prepared  from  mineralized  passages  that  contain 
relatively  large  amounts  of  silver  in  different  parts  of  the 
deposit.  The  results  are  presented  in  table  21,  in  which  core 
analyses  of  silver  at  various  mineralized  levels  are  plotted 
against  the  observed  silver-bearing  minerals  in  the 
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FIGURE  59.— Diagrammatic  section  showing  mineralogical  zonality  in  drill-hole  sections  of  the  Jabal  $a’id  deposit. 
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TABLE  21.— Correlation  of  selective  silver  core  analyses  and 
observed  silver-bearing  minerals  in  the  corresponding 
polished  sections 

[P,  present;  F,  frequent;  A,  abundant] 


Drill 

core 

Depth, 

m 

Silver 

value, 

g/t 

Silver-bearing 
mineral  in 
corresponding 
polished  section 

Frequency 

of 

occurrence 

Silver  content,  percent 

Analyzed  Theoretical 

SA  6. _ 

_ 118-119 

160 

Hessite 

F 

62.06 

62.86 

SA  38 . 

_ 730-731 

120 

Tetrahedrite 

P 

7.36 

— 

SA  38 . 

_ 757-758 

117 

Tetrahedrite 

P 

21.73 

— 

SA  41 . 

_ 430-431 

100 

Tetrahedrite 

P 

3.81 

— 

SA  47 . 

_ 447-448 

180 

Hessite 

F 

— 

62.86 

SA  48 . 

. 206-207 

115 

Tetrahedrite 

P 

1.92 

— 

SA  48 . 

. 220-221 

390 

Hessite 

A 

— 

62.86 

corresponding  polished  sections;  it  must  be  noted,  however, 
that  these  sections  are  composed  predominantly  of  the 
common  sulfides  pyrite,  chalcopyrite,  and  sphalerite  and 
contain  no  typical  silver  sulfide  minerals. 

The  data  indicate  a  close  positive  correlation  between 
silver  and  the  minerals  hessite  and  tetrahedrite,  which 
suggests  that  the  greater  part  of  the  silver  content  in  the 
Jabal  §a’id  deposit  is  concentrated  in  these  minerals.  This 
certainly  would  appear  to  be  the  case  with  hessite,  which  is 
particularly  abundant  (more  than  50  grains  have  been  seen) 
in  the  polished  section  corresponding  to  a  mineralized 
interval  in  drill  core  SA  48, 220  to  221  m,  where  a  high  silver 
value  of  390  g/t  was  analyzed.  On  the  other  hand,  it  is  also 
thought  that  certain  trace  constituents  such  as  argentite  and 
native  silver  and  gold,  which  are  relatively  deficient  in 
absolute  quantity  in  comparison  with  hessite  and 
tetrahedrite,  play  an  accessory  role  as  silver  carriers  in  the 
deposit. 

TEXTURAL  FEATURES  OF  THE 
MINERALIZATION 

A  textural  investigation  of  the  Jabal  §a’id  mineralization 
was  carried  out  to  determine  the  possibilities  of  recovering 
the  major  minerals  of  economic  importance.  Because  the 
chief  economic  application  of  these  metallogenic  and 
textural  ore  studies  is  in  connection  with  mineral 
processing,  the  quantitative  textural  analyses  were  made  on 
several  representative  polished  sections  selected  from,  the 
most  intensely  mineralized  zones  of  the  deposit. 

Principle  of  the  analytical  method 

The  textural  study  of  the  mineral  phase  present  in  the 
selected  samples  was  undertaken  with  the  help  of  a 
quantitative  image  analyzer  (QTM  720),  which  records 
information  through  the  reflected  microscopic  image  of  the 
polished  section  (fig.  60).  The  obtained  optic  image  is 
captured  by  a  television  camera  and  then  transmitted  onto  a 
control  screen,  each  point  of  the  image  delivering  an 
electronic  signal  proportional  to  the  observed  flux  of  light. 
The  comparison  of  this  signal  with  an  adjustable  threshold 


FIGURE  60. — Normal  image  of  a  polished  section  containing 
sphalerite  (gray)  and  chalcopyrite  (white). 


reference  permits  the  separation  of  the  analytical  field  into 
different  zones  of  reflecting  powers.  These  zones  correspond 
to  the  mineral  phase  present  in  the  polished  sections,  which 
eventually  can  be  isolated,  selected,  and  quantified  (fig.  61). 

It  should  be  noted  that  this  method  is  basically  applied  to 
major  mineral  phases  such  as  pyrite,  sphalerite,  and 
chalcopyrite,  where  the  difference  in  corresponding 
reflecting  powers  permits  their  selection.  In  the  case  of 
minor  minerals  such  as  hessite  and  cassiterite,  however,  it  is 
necessary  to  control  the  analyzed  phase  optically  before  the 
size-distribution  measurements  are  applied. 


FIGURE  61.—  Detection  of  chalcopyrite. 
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FIGURE  62.— Linear  opening  of  3U  image  poinl> 


FIGURE  63.— Octagonal  opening  of  30  image  points. 


Textural  measurements 

Depending  on  the  concentration  of  the  individual  mineral 
phases  in  the  selected  samples,  two  textural  parameters 
were  measured — namely,  the  size  distribution  for  the  minor 
and  trace  minerals  and  the  tenor  and  size  distribution  for  the 
major  minerals. 

For  the  measurement  of  tenor,  analyses  are  expressed  by 
the  number  of  detected  points  pertaining  to  each  mineral 
relative  to  a  reference  screen  that  is  generally  composed  of 
500  000  image  points.  This  method  provides  the  geometric 
surface  occupied  by  the  mineral  on  a  section.  This  geometric 
proportion  corresponds  to  the  volumetric  proportion.  The 
analysis  of  size  distribution  is  based  on  the  selection  of  a  size 
parameter  for  the  analyzed  phase  according  to  a  structural 
element  having  a  regular  shape  such  as  segment  octagon, 
rectangle,  or  hexagon  (Gateau  and  Prevosteau,  1975;  Jones 
and  Barbery,  1975). 

Because  the  particles  of  the  massive  sulfide 
mineralization  are  mostly  in  the  form  of  aggregates,  it  was 
considered  preferable  to  use  the  bidimensional  linear  and 
octagonal  structural  elements.  A  structural  element  in  the 
form  of  a  rectangle  (fig.  62)  or  an  octagon  (fig.  63),  the  size  of 
which  can  be  varied,  is  implanted  in  the  detected  minerals. 
Through  this  variation,  the  surface  of  the  mineral,  which 
comprises  an  element  of  a  given  size,  can  be  measured.  This 
size-distribution  approach  takes  into  consideration  the 
presence  of  fissures  and  inclusions  and,  because  of  the 
bidimensional  character  of  the  technique,  allows  the  size  of 
mineral  liberation  to  be  determined. 

Data  presentation 

The  tenor  and  (or)  the  size-distribution  data  relative  to 
each  analyzed  mineral  are  obtained  in  the  form  of  a  “listing” 


and  are  presented  as  a  single  document.  The  significance  of 
the  various  numerical  values  that  appear  in  this  document  is 
shown  in  figure  64,  as  follows: 

1.  The  top  left-hand  corner  of  the  document  gives  the 

number  of  the  polished  section  (99  SA38  704)  and  the 
name  of  the  treated  mineral  (pyrite). 

2.  Immediately  below  is  the  type  of  size-distribution 

element  used  (linear  or  octagonal). 

3.  The  upper  graph  represents  the  cumulative  size- 

distribution  curve.  The  first  column  (D)  gives  the 
diameter,  in  microns,  of  the  rectangle  or  octagon 
used.  The  second  and  third  columns  give  the 
cumulative  percent  rock  and  the  cumulative  total 
mineral  occupied  by  the  mineral  at  the  various  size 
grades. 

4.  The  lower  graph  represents  the  corresponding 

histogram  derived  from  the  upper  graph.  The  first 
column  (D)  is  the  size,  in  microns,  calculated  from  the 
average  arithmetic  mean  of  two  consecutive  classes. 
The  second  column  represents  the  increase  in  tenor 
by  microns.  The  third  column  is  a  normalization  of 
this  increase  fixed  on  the  maximum  peak. 

It  can  also  be  seen  in  the  diagram  that  there  is  a  maximum 
frequency  for  pyrite  grains  of  the  classes  19.20  to  21.60  nm 
(column  D,  upper  graph),  corresponding  to  20.40  /mi 
(column  D,  histogram)  relative  to  other  classes. 

Results 

The  textural  study  of  the  constituent  minerals  of  the  Jabal 
§a’id  deposit  was  oriented  to  include  the  major  sulfides 
pyrite,  sphalerite,  and  chalcopyrite  and  the  minor  minerals 
cassiterite  and  hessite,  the  latter  being  the  main  silver- 
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FIGURE  64— Example  of  interpretation  of  textural  measurement  data. 
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TABLE  22.— Tenor  of  major  sulfides  in  the  Jabal  $a’id  deposit 

[x,  concentration  less  than  1  percent] 


Pyrite,  Sphalerite,  Chalcopyrite, 

Sample  Drill  Downhole  geometric  geometric  geometric 

no.  core  depth,  m  percent  percent  percent 


Massive  ore 


99 . SA  38  704.0  57.9  9.3  x 

105 . SA  38  758.3  29.9  9.6  x 

26287 . SA  41  430.1  61.2  24.8  x 

26306  . SA  48  206.1  33.9  43.7  x 

26307  . SA  48  215.7  58.3  11.8  7.7 

26308  . SA  48  220.8  35.0  38.8  5.5 


Stockwork  ore 


94 . SA  38  666.0  21.2  1.1  47.5 

26293 . SA  45  352.3  27.0  2.5  19.8 

26295 . SA  45  578.0  42.6  x  29.3 

26311  . - . SA  48  319.6  6.5  x  42.6 

26312  . SA  48  468.0  1.3  0.7  52.2 


bearing  telluride.  The  12  analyzed  samples  were  selected 
from  both  massive  and  stockwork  ore  (drill  holes  SA  38,  SA 
41,  SA  48,  and  SA  45)  to  be  representative  of  the  spatial 
distribution  of  the  mineralization.  The  results  of  the 
analyses  are  presented  in  the  appendix  and  summarized  in 
tables  22  to  25. 

Interpretation  and  conclusion 

From  the  information  provided  by  the  quantitative 
analyses  of  the  Jabal  §a’id  ore  textures,  it  is  possible  to  make 
a  preliminary  estimate  of  (1)  the  type  of  mineral  process 
needed  to  separate  the  various  minerals  of  value  from  the 
gangue,  (2)  the  behavior  of  trace  constituents,  and  (3)  the  size 
at  which  the  ore  should  be  ground  for  liberation. 

MASSIVE  SULFIDES 

The  Jabal  §a’id  massive  sulfide  ore  can  be  compared  with 
other  types  of  similar  ores  exploited  presently  in  various 


TABLE  24.— Maximum  traversed  frequency  of  major  sulfide  grains 
in  the  Jabal  $a’id  deposit 

[x,  concentration  less  than  1  percent] 


Sample  Drill  Downhole  Pyrite,  Sphalerite,  Chalcopyrite, 

no.  core  depth,  m  Mm  Mm  Mm 


Massive  ore 


99 . SA  38  704.0  20.4  6.0  x 

105 . SA  38  758.3  51.2  12.2  x 

26287 . SA  41  430.1  31.8  17.0  x 

26306  . SA  48  206.1  17.0  17.0  x 

26307  . SA  48  215.7  31.8  6.0  8.4 

26308  . SA  48  220.8  13.2  17.0  6.0 


Stockwork  ore 


94 . SA  38  666.0  18.0  6.0  12.20 

26293 . SA  45  352.3  20.4  6.0  12.20 

26295 . SA  45  578.0  115.9  x  12.20 

26311 . SA  48  319.6  18.0  x  12.20 

26342 . SA  48  468.0  210.0  6.0  21.96 


parts  of  the  world  (Canada,  Japan,  and  so  on).  Its  main 
economic  value  lies  in  its  zinc,  copper,  and  silver  grades, 
which  are  present  in  the  form  of  sphalerite,  chalcopyrite, 
and  silver-bearing  minerals  (predominantly  hessite  and 
fahlore),  respectively.  The  matrix  gangue  is  mainly  quartz 
and  dolomite.  As  for  pyrite,  although  it  is  the  major 
constituent  of  the  ore,  it  is  regarded  as  valueless  because  of 
the  present  economic  situation  and  the  location  of  the  Jabal 
§a’id  deposit. 

The  average  size  of  the  valuable  minerals  in  this  ore  is  of 
the  order  of  50  to  200  Mm  for  sphalerite  and  15  to  30  Mm  for 
chalcopyrite,  with  an  average  grade  of  1  to  4  percent  Zn  and 
variable  copper  content.  It  is  thus  necessary  to  consider 
flotation  as  the  main  process,  possibly  including  a  bulk 
flotation  of  sphalerite  and  chalcopyrite  with  depression  of 
pyrite  and  using  xanthates  as  a  flotation  collector,  copper 
sulfate  as  an  activator  for  sphalerite,  and  lime  as  a  pyrite- 
depressing  agent. 

According  to  ore  texture  analogic  data,  the  grinding  size 
should  be  around  100  to  200  nm.  Depending  on  the  copper- 
zinc  ratio,  a  copper  concentrate  eventually  could  be 


TABLE  23.— Maximum  traversed  diameter  of  major  sulfide  grains 
in  the  Jabal  $a’id  deposit 

[x,  concentration  less  than  1  percent] 


Sample  Drill  Downhole  Pyrite,  Sphalerite,  Chalcopyrite, 

no.  core  depth,  m  Mm  Mm  Mm 


Massive  ore 


99 . SA  38  704.0  240  240  x 

105 . SA  38  758.3  488  488  x 

26287 . SA  41  430.1  £240  488  x 

26306  . SA  48  206.1  488  £488  x 

26307  . SA  48  215.7  £240  £240  £240 

26308  . SA  48  220.8  £240  £488  240 


Stockwore  ore 


94 . SA  38  666.0  >240  240  >488 

26293 . SA  45  352.3  >240  240  >488 

26295 . SA  45  578.0  >488  x  >488 

26311  . SA  48  319.6  >240  x  >488 

26312  . SA  48  468.0  >240  120  >488 


TABLE  25.— Median  value  of  major  sulfide  grains 
in  the  Jabal  $a’id  deposit 

[x,  concentration  less  than  1  percent] 


Sample  Drill  Downhole  Pyrite,  Sphalerite,  Chalcopyrite, 

no.  core  depth,  m  Mm  Mm  Mm 


Massive  ore 


99 . SA  38  704.0  43.2  14.4  x 

105 . SA  38  758.3  140.3  36.6  x 

26287 . SA  41  430.1  78.0  57.0  x 

26306  . SA  48  206.1  83.0  195.2  x 

26307  . SA  48  215.7  57.0  23.0  18.0 

26308  . SA  48  220.8  63.0  173.0  20.4 


Stockwork  ore 


94 . SA  38  666.0  90.0  13.2  170.8 

26293 . SA  45  352.3  57.0  14.4  73.2 

26295 . SA  45  578.0  240.0  x  427.0 

26311 . SA  48  319.6  41.0  x  158.6 

26342 . SA  48  468.0  210.0  10.8  219.6 
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prepared  after  grinding  to  a  very  fine  size  (30  nm)  and 
depressing  the  sphalerite  with  sodium  cyanide.  It  should  be 
noted  that,  usually,  copper  found  in  a  zinc  concentrate,  if  its 
content  is  higher  than  10  percent,  is  paid  in  part. 

SILVER 

The  behavior  of  silver  minerals  under  a  flotation  process 
such  as  that  described  for  the  massive  sulfides  is  fairly 
predictable  on  the  basis  of  the  size  analysis  information  that 
has  been  gathered.  The  main  silver  mineral,  hessite,  is 
present  mainly  as  inclusions  in  sphalerite  (fig.  51).  The  size 
is  fine  relative  to  the  sphalerite  (~15  Mm)  but  is  comparable  to 
the  chalcopyrite.  Thus,  it  would  tend  to  follow  zinc  in  the 
bulk  concentrate  if  the  concentrate  is  made  at  a  relatively 
coarse  size  (100  to  200  Mm)  and  would  follow  partly 
chalocopyrite  and  partly  sphalerite  if  a  selective  flotation 
stage  is  included  to  separate  these  two  minerals.  In  terms  of 
economics,  it  should  be  noted  that  silver  is  paid  only  in  part 
(65  percent)  in  a  zinc  concentrate,  whereas  it  paid  almost 
totally  (95  percent)  in  a  copper  concentrate;  the  selective 
flotation  of  zinc  from  copper  thus  should  be  studied  in  this 
context. 


EXPLANATION 
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TIN 

There  is  very  little  hope  of  recovering  tin  owing  to  the 
scarcity  of  cassiterite  in  the  ore  and  to  its  fine  size. 

STOCKWORK  SULFIDES 

The  stockwork  ore  is  mainly  a  copper  ore  containing  less 
pyrite  that  the  massive  ore  and  normally  having  very  low 
zinc  content  (table  23).  The  size  of  chalcopyrite  grains  and 
their  type  of  association  render  this  ore  quite  suitable  for  an 
easy  concentration  process.  After  it  has  been  ground  to  110 
to  200  Mm,  the  chalcopyrite  can  be  floated  with  xanthate  as 
the  flotation  collector  and  lime  as  the  pyrite  depressant  to 
make  a  clean  copper  concentrate.  Hessite  is  usually 
associated  with  chalcopyrite,  and  the  silver  will  follow  this 
mineral  in  flotation  and  subsequently  will  be  recovered  and 
paid  for  in  the  copper  concentrate. 

CONCLUSIONS  AND  EXPLORATION 
GUIDELINES 

Genetic  model  for  the  Jabal  §a’id  mineralization 

The  following  interpretation  of  the  genesis  of  the  Jabal 
§a’id  deposit  is  in  accord  with  the  observed  geologic, 
petrographic,  and  metallogenic  features  of  the 
mineralization,  taken  in  the  context  of  its  stratigraphic  and 
structural  setting. 

The  abundance  of  felsic  pyroclastic  rocks  in  the  area 
testifies  to  subaerial  eruption  and  explosive  discharge  of 
fragmental  and  flow  rocks  from  a  volcaniQ  vent  or  fissure. 
The  alternation  of  pyroclastic  and  sedimentary  layers  in  the 
sequence  of  volcanic  products  further  indicates  that  such 
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FIGURE  65.— Schematic  model  for  the  genesis  of  the  Jabal  $a’id 

deposit. 


volcanism  was  probably  developed  along  an  undulating 
mobile  zone  resembling  an  island-arc  environment. 

That  the  hydrothermal  process  that  gave  rise  to  the 
mineralization  was  contemporaneous  with  this  volcanic 
activity  is  suggested  by  the  stratabound  structure  of  the 
deposit  and  by  the  close  spatial  relationship  between  the 
sulfide  bodies  and  the  rhyolite  flows  that  indicate  the 
proximity  of  the  volcanic  emission  vent.  Thus,  in  the  waning 
stages  of  the  eruptive  activity,  metal-rich  hydrothermal 
fluids  charged  in  molecular  complexes  of  Cu,  Fe,  Zn,  Ag,  Au, 
and  other  metals  would  have  ascended  through  the 
fractured  zones  of  the  rhyolite  intrusion  (fig.  65)  or  the 
porous  breccias  along  the  flanks  of  the  intrusion  and 
subsequently  deposited  their  metals  in  response  to  changing 
physiochemical  environmental  conditions  (that  is, 
temperature,  fo2,  pH). 

Metal  deposition,  as  reflected  in  the  characteristic  zonal 
pattern  of  the  sulfides,  is  thought  to  have  been  developed  in 
two  major  but  closely  related  and  overlapping  stages  during 
the  passage  of  the  hydrothermal  fluids  in  the  volcanic  pile. 
The  first  mineralized  stage  was  chiefly  pyritic  and 
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sphaleritic  (massive  and  fringe  ore)  with  minor 
chalcopyrite,  cassiterite,  arsenopyrite,  galena,  tellurides, 
native  gold,  and  fahlore,  followed  by  the  deposition  of 
siliceous  sediments.  This  stage  marks  the  initial  flow  of  the 
hydrothermal  fluids  and  their  eventual  emergence  into  a 
relatively  low  temperature  medium,  as  the  common 
occurrence  of  colloform  texture  and  fine-grained  sulfide 
banding,  coupled  locally  with  the  appearance  of  framboids 
in  this  paragenesis,  indicates.  Although  this  stage  is 
relatively  deficient  in  absolute  metal  content,  it  is 
characterized  by  a  complex  paragenetic  association  that  is 
thought  to  have  developed  in  three  successive  pulsating 
phases:  (1)  an  early  phase  of  pyrite,  chalcopyrite,  sphalerite, 
galena,  and  associated  oxides,  the  major  constituents  of  this 
phase  commonly  being  intimately  associated  and  showing 
similar  textures  and  intergranular  relationships,  and  (2)  an 
argentiferous-auriferous-tellurium-bearing  phase 
illustrated  by  the  constant  association  of  gold  with  hessite, 
and  (3)  a  final  phase  distinguished  by  the  appearance  of  the 
fahlore  minerals,  in  which  the  order  of  crystallization  begins 
with  arsenic-dominated  members  (tennantite)  and 
eventually  evolves  toward  antimony-rich  species 
(freibergite),  as  is  shown  by  the  notable  gradual  increase  in 
the  ratio  of  antimony  to  arsenic  from  the  lower  part  of  the  ore 
to  the  upper  part. 

The  second  mineralized  stage,  occuring  at  depth,  marks 
the  intense  flux  of  hydrothermal  fluids  and  was 
predominantly  cupriferous  (stockwork  ore)  with  pyrite  and 
chalcopyrite  (which  partially  replaces  sphalerite  of  massive 
ore),  minor  magnetite,  arsenopyrite,  cobaltite,  and 
sphalerite— a  relatively  high  temperature  mineral 
assemblage  that  commonly  shows  coarsely  crystalline  and 
exsolution  textures.  This  stage  was  also  associated  with  a 
minor  bismuth-silver-tellurium-bearing  phase,  as  the 
common  occurrence  of  tetradymite,  tellurobismuthite, 
frohbergite,  altaite,  and  hessite  in  the  paragenesis  indicates. 
From  thermodynamic  considerations  related  to  tellurides, 
from  the  associated  hydrothermal  alteration  assemblage, 
and  from  sulfur-isotope  and  fluid-inclusion  studies  (Bosch 
and  others,  1978),  it  can  be  concluded  that  the  temperature 
of  formation  of  the  ores  was  probably  of  the  order  350°  to 
400°  C;  it  should  be  noted,  however,  that  such  a  formation 
temperature  could  be  biased  by  general  metamorphism, 
which  may  have  affected  the  ores  and  their  host  rocks. 

This  overall  scheme  of  ore  deposition  reflects  a  thermal 
evolution  in  the  metal  concentration  of  the  hydrothermal 
fluids  with  time,  so  that  the  less  mobile  elements  (that  is, 
cobalt  and  copper)  appear  in  the  early  phases  of  the 
mineralization,  whereas  those  that  are  more  mobile  (that  is, 
silver,  gold,  and  antimony)  are  characteristic  of  its  later 
phases  and  tend  to  be  concentrated  further  away  from  the 
emission  center.  It  should  be  reiterated  that  this  early 
mineralization-alteration  pattern  was  subsequently 
modified  and  otherwise  telescoped  by  the  metamorphic 
development  of  a  late-stage  propylitic  alteration  and  secant 
veins  of  pyrrhotite-chalcopyrite-cubanite  composition. 
These  veins  were  probably  formed  by  the  remobilization  of 
an  early  phase  that  was  deformed  plastically  during  the 
tectonic  shearing  of  the  ores. 


Comparison  of  other  analogous  polymetallic 
sulfide  mineralizations 

DEPOSITS  IN  THE  PRECAMBRIAN  OF  SAUDI  ARABIA 

A  preliminary  investigation  and  comparison  of  the 
Nuqrah,  Jabal  ash  Shizm,  Mahd  adh  Dhahab,  and  A1  ‘Amar 
polymetallic  sulfide  mineralizations  in  Saudi  Arabia  show 
that  they  can  be  grouped  into  three  main  types— namely, 
massive-,  stockwork-,  and  vein-type  deposits  (table  26)— on 
the  basis  of  their  morphology,  rock  associations,  mineralogic 
and  textural  features  (table  27),  and  major  mineral 
assemblages. 

Massive-type  deposits 

The  massive  type  includes  those  sulfide  deposits  that  are 
characterized  by  compact,  entangled,  and  complex 
mineralization.  They  commonly  occur  as  flat  lens-shaped 
bodies,  intimately  associated  with  chemically  precipitated 
sediments  such  as  cherty  layers,  graphitic  and  chloritic 
tuffaceous  facies,  and  calcareous  dolomitic  lenses,  and  thus 
comprise  a  stratiform  mineralized  interval  preferably 
situated  at  the  summit  of  highly  differentiated  and  altered 
felsic  sequences. 

The  mineralization  of  these  deposits  is  predominantly 
sphaleritic  and  pyritic  but  contains  variable  amounts  of 
galena,  chalcopyrite,  oxides,  sulfosalts,  precious  metals,  and 
tellurides,  which  show  comparable  textures  and 
relationships. 

These  deposits  of  volcanosedimentary  character 
(Routhier,  1963)  may  be  subdivided,  with  respect  to  their 
morphologic  shape,  into  podlike  stratabound  lenses  of 
massive  sulfides  and  tabular  banded  lenses  of  massive 
sulfides.  The  first  variety  is  marked  by  a  lack  of  conspicuous 
banding,  generally  shows  a  restricted  horizontal 
distribution  as  compared  with  that  of  its  vertical  extension, 
and  may  be  represented  by  the  Jabal  §a’id  massive  sulfide 
mineralization.  The  tabular  variety  has  a  limited  vertical 
extent  and  a  relatively  wider  horizontal  spread  and  can  be 
exemplified  by  the  Nuqrah  massive  sulfide  mineralization 
(see  fig.  1  for  location). 

The  Nuqrah  deposit  comprises  two  tabular  bodies  of 
massive  sulfides— namely,  North  Nuqrah  and  South 
Nuqrah— located  between  mafic  pyroclastic  rocks  and  flows 
on  the  hanging  wall  and  chloritized  rhyolitic  tuff  and 
breccia  on  the  footwall.  The  rocks  are  tightly  folded,  faulted, 
and  locally  overturned  (North  Nuqrah)  and  have  been 
assigned  to  the  upper  part  of  the  Hulayfah  (Halaban)  group 
(Delfour,  1970,  1975a,  b). 

At  both  South  and  North  Nuqrah,  the  mineralization  is 
confined  to  a  narrow  stratigraphic  horizon  comprising 
graphitic  tuff,  rhyolitic  crystal  and  lapilli  tuff,  chloritic  tuff, 
and  calcareous  dolomitic  marble  that  are  conformable  to  the 
stratification.  Within  this  mineralized  horizon,  the  rich  and 
massive  zones  of  the  mineralization  (as  seen  in  both  drill 
cores  and  numerous  polished  sections)  show  a  marked 
tendency  to  be  associated  with  graphitic  and  chloritic 
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TABLE  26.— General  features  of  some  massive-,  stockwork-,  and  vein-type  deposits 


Morphology 

Major  ore  constituents 

Distinctive  sulfide  textures 

Massive  deposits 

Jabal  §a’id . 

Nuqrah . 

. Stratiform  lens-shaped  bodies 

. Stratiform  lens-shaped  bodies 

Pyrite,  sphalerite,  minor  chalcopyrite 

Sphalerite,  pyrite,  minor  galena,  and 
chalcopyrite. 

Colloform  texture;  framboidal  texture;  microscopic 
sulfide  banding,  brecciated  texture  locally. 
Macroscopic  and  microscopic  sulfide  banding; 
colloform  and  framboidal  texture  locally; 
brecciated  texture. 

Stockwork  deposits 

Jabal  §a’id . 

. Chimney  or  pipelike  bodies 

Pyrite,  chalcopyrite 

Pyrite,  chalcopyrite 

Exsolution  of  cubanite  and  mackinawite  in 

Jabal  ash  Shizm . 

. Chimney  or  pipelike  bodies 

chalcopyrite;  exsolution  of  sphalerite  in 
chalcopyrite  locally;  cataclastic  pyrite. 

Exsolution  of  sphalerite  in  chalcopyrite;  exsolution 
of  mackinawite  in  chalcopyrite  locally; 
cataclastic  pyrite. 

Vein  deposits 

Mahd  adh  Dhahab . 

A1  ‘Amar . 

. Interconnected  veinlike  bodies 

. Interconnected  veinlike  bodies 

Pyrite,  chalcopyrite,  sphalerite,  galena, 
minor  gold  and  silver. 

Pyrite,  sphalerite,  galena,  chalcopyrite, 
minor  gold  and  silver. 

Exsolution  of  chalcopyrite  in  sphalerite; 
cataclastic  pyrite. 

Exsolution  of  chalcopyrite  in  sphalerite;  cataclastic 
pyrite. 

tuffaceous  facies  and  tend  to  grade  downward  into  a  poorly 
mineralized  and  brecciated  dolomitic  marble  bed. 

The  mineralization  is  generally  fine  grained  and  displays 
well-developed  banding,  but,  toward  the  lower  part  of  the 
deposit,  brecciated  and  fragmental  ore  predominates,  a 
reflection  of  both  preconsolidation  and  tectonic  deformation. 
The  chief  ore  minerals,  in  their  order  of  abundance,  are 
sphalerite,  pyrite,  galena,  and  chalcopyrite,  associated  with 
minor  tetrahedrite,  arsenopyrite,  bournonite,  meneghinite, 
polybasite,  pyrrhotite,  mackinawite,  altaite,  hessite, 
tetrad ymite,  and  gold,  together  with  traces  of  magnetite  and 
ilmenite.  The  gangue  consists  chiefly  of  graphite  and 
carbonate  (dolomite). 

The  sulfide  and  tellur ide  assemblages  at  Nuqrah  show 
textures  and  intergranular  relationships  similar  to  those  of 
their  counterparts  in  the  Jabal  §a’id  massive  sulfides,  but,  at 
Nuqrah,  the  sulfosalts  are  more  frequent  and  varied,  as  the 
presence  of  relatively  substantial  amounts  of  galena  in  this 
deposit  indicates. 

Likewise,  gold  is  more  frequently  observed  at  Nuqrah 
relative  to  Jabal  §a’id,  but  the  metal  in  both  massive  sulfide 
deposits  is  very  argentiferous  (electrum  variety)  and 
appears  chiefly  in  their  upper  parts  in  intimate  association 
with  the  telluride  hessite.  Thus,  there  are  clear 
resemblances  between  the  gold  in  the  two  deposits,  both  in 
mode  of  occurrence  and  in  localization  within  the  ore. 

Stockwork- type  deposits 

The  stockwork-type  deposits  form  vertically  standing 
chimney  or  pipelike  bodies  comprising  variable 
concentrations  of  dominantly  cupriferous  mineralization. 
At  present,  the  best  examples  of  this  type  are  the  stockwork 
deposits  at  Jabal  $a’id  and  Jabal  ash  Shizm  (Ange,  1974), 
both  of  which  occur  within  tightly  folded  and  tectonically 


TABLE  27.— Mineral  composition  of  some  massive-,  stockwork-, 
and  vein-type  deposits 

[+++,  abundant;  ++,  very  frequent;  +,  frequent;  rare] 


Primary  minerals 

Massive  deposits 

Stockwork  deposits 

Vein  deposits 

Jabal 

§a’id 

Nuqrah 

Jabal 

Sa’id 

Jabal 
ash  Shizm 

Mahd 

adh Dhahab 

A1  ‘Amar 

Oxides: 

Fe304  . 

+ 

- 

- 

- 

- 

FeTi03 . 

.  - 

- 

- 

- 

SnOo . 

.  - 

Sulfides  and  sulfosalts: 

PeS2 . 

+++ 

++ 

+++ 

+++ 

++ 

+  + 

FeAsS . 

+ 

+ 

- 

CO(Fe)AsS . 

- 

- 

FeS . 

....  + 

- 

+ 

- 

CuFeS2 . 

++ 

++ 

+++ 

+++ 

+++ 

++ 

CuFe2S3 . 

.  - 

- 

+ 

FeS . 

.  - 

- 

+ 

+ 

Zn(Fe)S . 

+++ 

+++ 

+ 

+ 

++ 

+  +  + 

PbS  . 

+ 

++ 

- 

- 

+ 

+ 

Cu(Sb,  As,  Fe)S. 

.  - 

+ 

- 

- 

PbCuSbS3 . 

- 

Pb5Sb4S11 . 

- 

Ag3SbS3 . 

Agi6Sb2S11 . 

- 

- 

Ag2S . 

. .  - 

- 

NiSb  . 

- 

Tellurides: 

Ag2Te . 

+ 

+ 

+ 

+ 

+ 

+ 

Ag3AuTe2 . 

+ 

+ 

AuAgTe4 . 

- 

PbTe . 

+ 

+ 

+ 

+ 

+ 

+ 

Bi2Te3 . 

+ 

+ 

- 

Bi2Te2S  . 

.  - 

- 

- 

- 

— 

FeTe3  . 

- 

Native  metals: 

Te . 

.  - 

Bi . 

- 

- 

Ag . 

.  - 

- 

Au . 

+ 

— 

++ 

+  + 
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deformed  volcaniclastic  assemblages  that  locally  show  zones 
of  intense  chloritization  and  sericitization. 

Like  the  Jabal  §a’id  stockwork,  the  mineralization  at  Ash 
Shizm  is  characterized  by  a  simple  but  well-crystallized 
mineralogic  assemblage  consisting  chiefly  of  pyrite  and 
chalcopyrite  with  variable  amounts  of  sphalerite, 
pyrrhotite,  mackinawite,  cobaltite,  galena,  ilmenite, 
magnetite,  and  various  tellurides^  _ 

Detailed  examination  of  polished  sections  from  both 
deposits  reveals  interesting  unifying  similarities  not  only  in 
the  nature  of  associated  tellurides  but  also  in  their 
distribution  pattern  within  the  stockwork  mineralization. 
Whereas  hessite  is  the  most  common  telluride  in  the  upper 
zone  of  the  mineralization,  tellurobismuthite  predominates 
at  lower  levels  and  finally  gives  way  to  altaite,  which,  in  the 
lowermost  zone  of  the  stockwork,  forms  conspicuous  grains 
up  to  300  Mm  in  size.  In  both  deposits,  this  lowermost  zone  is 
also  characterized  locally  by  the  appearance  of  small 
euhedral  crystals  of  cobaltite. 

Sulfide  textures  of  the  stockwork-type  deposits  are 
relatively  simple  in  comparison  with  those  observed  in  the 
massive  sulfides.  The  generally  well  developed  crystalline 
character  of  the  ores  has  already  been  outlined.  Minute 
exsolved  blebs  and  dots  of  chalcopyrite  are  observed  locally 
in  sphalerite.  Relatively  coarse  grained  exsolution  lamellae 
of  cubanite  ( 1.5  to  2.0  mm)  are  often  shown  by  chalcopyrite  in 
the  Jabal  §a’id  stockwork.  These,  however,  have  not  been 
observed  in  the  Jabal  ash  Shizm  polished  sections  thusfar 
studied.  Other  textures  characteristic  of  the  stockwork  ores 
are  the  deformation  and  cataclastic  features  displayed  by 
pyrite. 

Vein-type  deposits 

The  vein  type  includes  those  deposits  that  are  marked  by 
relatively  high  gold  and  silver  contents  and  in  which  the 
base-metal  sulfides  are  linked  to  a  system  of  quartz  veins. 
The  classical  and  most  representative  examples  of  this  type 
are  the  Mahd  adh  Dhahab  and  A1  ‘Amar  vein  deposits  (see 
fig.  1  for  location). 

At  Mahd  adh  Dhahab,  the  mineralization  is  associated 
with  a  system  of  north-south -striking  quartz  veins  cutting  a 
concordant  sequence  of  alternating  rhyolitic  tuff  and 
breccia  and  an  underlying  flow  of  andesite.  The  most 
intensely  mineralized  veins,  however,  occur  in  the  eastern 
part  of  the  area,  where  they  cross  rhyolitic  breccia  and  a 
plug  of  intrusive  rhyolite.  This  sequence  of  pyroclastic  rocks 
and  flows  has  been  assigned  to  the  upper  part  of  the 
Hulayfah  (Halaban)  group  (Aguttes  and  Duhamel,  1971; 
Routiner  and  Delfour,  1975). 

The  mineralization  consists  chiefly  of  pyrite,  chalcopyrite, 
sphalerite,  and  galena,  with  minor  argentite,  native  metals 
(gold  and  silver),  and  tellurides  (petzite,  altaite,  hessite, 
tetradymite,  and  tellurobismuthite),  together  with  traces  of 
magnetite  and  hematite.  The  chief  gangue  minerals  are 
quartz,  potassium  feldspar,  chlorite,  and  carbonate.  The 
sulfide  ore  is  coarsely  crystalline  and  commonly  displays 
exsolution  and  deformation  textures  similar  to  those 
observed  in  stockwork-type  ores. 


At  A1  ‘Amar,  the  mineralization  is  localized  in  a  system  of 
northwest-striking  quartz  veins  forming  a  stockwork  zone 
in  tectonically  deformed  pyroclastic  rocks  of  the  upper 
Hulayfah  (Halaban)  group  (Eijkelboom,  1966;  Delfour, 
1975a).  The  local  sequence  in  the  area  of  the  deposit  begins  at 
the  base  with  massive  andesitic  breccia  or  agglomerate, 
followed  by  an  assemblage  of  rhyolitic  tuff  (with 
intercalation  of  red  jasper  layers),  carbonate  rocks,  and, 
finally,  fine-grained  tuffites.  This  differentiated  sequence  is 
hydrothermally  altered  and  locally  shows  zones  of 
silicification,  chloritization,  and  pyritization.  The  major 
quartz  veins  cross  the  carbonate  layer,  which  has  been 
strongly  affected  by  alteration  to  talc  (Chiron,  1975)  and 
which,  on  the  outcrop  surface,  shows  abundant  stains  of 
chrysocolla  and  malachite. 

The  mineralization  is  generally  well  crystallized  and 
shows  texture  and  paragenesis  similar  to  those  of  the  Mahd 
adh  Dhahab  deposit.  It  consists  chiefly  of  pyrite,  sphalerite, 
and  chalcopyrite,  with  minor  galena,  tetrahedrite,  native 
gold,  petzite,  hessite,  altaite,  sylvanite,  and  traces  of 
magnetite  and  hematite. 

The  gold  is  relatively  abundant  in  the  polished  sections 
studied,  particularly  those  that  the  author  systematically 
collected  from  both  gallery  samples  and  drill-core  zones 
corresponding  to  the  highest  reported  assay  plots  of  the 
metal  in  the  deposit  (that  is,  drill  core  AM  7, 332.3  m,  which 
gave  an  assay  value  of  410  g/t  Au  and  280  g/t  Ag).  These 
specimens  were  specially  prepared  to  investigate  the 
localization  and  mode  of  occurrence  of  gold  and  compare 
them  with  those  encountered  at  Mahd  adh  Dhahab. 

Unlike  the  argentiferous  electrum  variety  that 
predominates  at  Mahd  adh  Dhahab,  gold  at  A1  ‘Amar  occurs 
chiefly  in  the  native  form,  which  shows  a  characteristic 
golden-yellow  color;  electron  microscope  analysis  showed 
that  silver  is  a  trace  and  unimportant  constituent  of  the 
metal.  This  feature  reflects  the  relative  enrichment  and 
widespread  distribution  of  silver  at  Mahd  adh  Dhahab  in 
comparison  with  A1  ‘Amar,  a  phenomenon  that  is  further 
illustrated  by  the  presence  of  silver  minerals  in  the  former 
deposit  and  their  absence  in  the  A1  ‘Amar  polished  sections 
thusfar  studied.  It  should  be  noted,  however,  that  silver  in 
both  deposits  is  concentrated  and  localized  chiefly  in  the 
tellurides. 

In  addition  to  its  conspicuous  concentration  in  the  native 
form  at  A1  ‘Amar,  gold  also  has  been  observed  in  the  form  of 
tellurides— namely,  sylvanite  (AuAgTe4)  and  petzite 
(Ag3AuTe2).  The  petzite  is  particularly  frequent  and 
intimately  associated  with  gold,  much  as  it  is  at  Mahd  adh 
Dhahab. 

As  for  the  localization  of  gold  within  the  mineralization, 
the  metal  has  been  observed  to  occur  in  the  following 
intergrowths  and  milieu: 

1.  As  minute  blebs  in  sphalerite,  galena,  or  gangue,  which 

form  microscopic  particles  of  irregular  shape, 
although  locally  some  euhedral  grains  were  seen. 

2.  As  simple  phase  inclusions  in  chalcopyrite,  notably 

surrounding  subhedral  included  grains  of  pyrite  and 
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commonly  showing  more  regular  forms  that  range 
up  to  50  Mm. 

3.  As  aggregates  and  patches  (up  to  200  Mm  in  size)  or  thin 
seams  forming  the  cementing  material  of 
microscopic  fissures  in  sphalerite,  these  seams 
sometimes  being  continuous  for  up  to  1.5  mm  on  the 
exposed  surfaces  of  sphalerite. 

It  can  thus  be  seen  that,  although  there  appears  to  be  a 
close  spatial  relationship  between  gold  and  sphalerite 
locally  (probably  owing  to  the  abundance  of  sphalerite),  the 
metal  in  general  seems  to  be  sporadically  disseminated.  It 
must  be  noted,  however,  that  the  close  association  of  gold 
with  tellurides  in  both  the  A1  ‘Amar  and  Mahd  adh  Dhahab 
deposits  is  an  important  clue  in  the  search  for  auriferous 
grains  and  aggregates  within  the  ores. 

It  should  be  emphasized  that  no  two  deposits  or  prospects 
are  ever  identical,  each  being  individualized  by  local 
stratigraphy,  tectonic  setting,  and  metal  content.  Thus,  the 
polymetallic  sulfide  mineralizations  mentioned  above  all 
occur  within  comparable  volcanosedimentary  environments 
but  differ  considerably  in  the  ratios  of  their  individual 
sulfide  constituents  (for  example,  the  predominance  of 
sphalerite  at  A1  ‘Amar  and  of  chalcopyrite  at  Mahd  adh 
Dhahab)  owing  to  their  occurrence  in  different  metallogenic 
provinces  of  the  Arabian  Shield. 

SIMILAR  DEPOSITS  IN  OTHER  PARTS  OF  THE  WORLD 

The  various  geologic  and  metallogenic  features  of  the 
Jabal  §a’id  deposit  compare  favorably  with  those  of  the 
“proximal”-  type  volcanogenic  sulfide  deposit  (Bouladon  and 
others,  1976;  Routhier  and  others,  1978;  Plimer,  1978), 
particularly  in  Canada  and  Japan.  These  deposits  show  a 
close  spatial  association  with  the  felsic  pyroclastic  rocks  and 
flows  that  occur  in  the  upper  part  of  differentiated  volcanic 
suites  of  calc-alkalic  affinities.  The  deposits  display  the 
characteristic  zonal  pattern  in  which  the  zinc-rich  massive 
sulfides  grade  downward  into  copper-rich  zones  of  stringer 
sulfides.  These  stringer  sulfides  are  commonly  enclosed  by  a 
zone  of  intense  hydrothermal  alteration. 

It  should  be  noted,  however,  that  there  are  also  notable 
differences  between  the  Jabal  §a’id  deposit  and  the 
Japanese  massive  sulfide  deposits.  Unlike  the  Jabal  §a’id 
deposit,  the  Miocene  sulfide  deposits  of  Japan  are  commonly 
capped  by  thin  beds  of  anhydrite  and  gypsum  for  which  no 
equivalents  have  been  found  so  far  in  the  Proterozoic  sulfide 
masses  of  Saudi  Arabia.  This  absence  suggests  that  the 
Proterozoic  ocean  was  probably  deficient  in  sulfates  relative 
to  the  present-day  ocean.  Alternatively,  these  evaporitic 
layers  may  have  dissolved  during  metamorphism;  thus, 
identification  of  their  remnants  in  the  older,  more  deformed 
sulfide  deposits  would  be  impossible. 

It  is  futher  noted  that  the  massive  sulfide  zone  of  the 
Kuroko  deposits  of  Japan  contains  notable  concentrations  of 
galena  and  sulfosalt  minerals,  which,  in  the  Jabal  §a’id 
massive  ore,  occur  only  in  trace  amounts.  On  the  other  hand, 
the  massive  ore  zone  at  Jabal  §a’id  is  characterized  by  the 
presence  of  cassiterite  and  tellurides,  both  of  which  are 
absent  in  the  Kuroko  deposits  of  Japan.  These  contrasting 


features  may  be  attributed  to  differences  in  the  metal 
abundances  of  the  metallogenic  provinces  of  the  sulfide 
deposits  and  not  necessarily  to  differences  in  their 
concentrating  processes. 

A  comparison  of  the  Jabal  §a’id  deposit  and  the  Archean 
sulfide  deposits  of  Canada  (Sangster,  1972;  Pouit,  1974) 
reveals  unifying  features  in  their  geologic  setting,  as 
outlined  above,  as  well  as  in  the  mineralogy  and  texture  of 
the  sulfide  ores  (that  is,  the  close  association  of  tellurides 
with  sulfides,  the  presence  of  cassiterite  in  sphalerite,  the 
absence  of  gypsum  and  anhydrite),  all  of  which  indicate 
broad  similarities  in  their  ore-forming  processes.  The 
Archean  deposits  of  Canada  are,  however,  economically 
important  because  of  their  constituent  massive  sulfides 
(which  contain  significant  concentrations  of  zinc  and 
copper)  in  relation  to  the  underlying  stringer  sulfides, 
whereas  the  main  economic  importance  of  the  Jabal  §a’id 
deposit  lies  in  its  stockwork  sulfide  ores. 

It  is  thought  that  the  relative  enrichment  of  stockwork 
sulfides  at  Jabal  §a’id  is  related  to  a  regional  factor 
determined  by  its  copper-dominated  province,  which,  in 
addition  to  Jabal  §a’id,  comprises  the  Umm  ad  Damar 
prospect  25  km  to  the  southeast  (where  several  copper 
occurrences  and  about  100000  t  of  slag  material  have  been 
found)  and  the  Mahd  adh  Dhahab  silver-gold-(copper) 
deposit  about  40  km  to  the  south 

Exploration  guidelines 

The  various  geologic  and  metallogenic  features  outlined 
in  this  research  may  provide  a  means  of  regional  correlation 
and  indicate  the  following  guidelines  that  could  be  used  in 
exploring  for  Precambrian  polymetallic  sulfide  deposits  in 
Saudi  Arabia: 

1.  Polymetallic  sulfide  deposits  tend  to  occur  in  areas 

containing  extensive  differentiated  pyroclastic 
assemblages,  where  they  commonly  show  a  close 
spatial  relationship  with  the  more  felsic  portions  of 
these  volcanic  rocks.  Such  areas  therefore  may 
provide  favorable  environments  for  future 
exploration. 

2.  Massive  sulfide  deposits  commonly  occupy  a  narrow  and 

restricted  stratigraphic  interval  within  their  host 
volcanic  sequence,  where  they  tend  to  form  a 
concordant  mineralization  in  intimate  association 
with  thin-bedded  cherty,  graphitic,  or  calcareous 
layers.  These  sedimentary  facies  thus  may  form 
important  stratigraphic  markers  for  the  location  of 
the  sulfide  masses. 

3.  Cupriferous  stockwork  mineralization  is  commonly 

developed  within  chloritized  and  brecciated 
pyroclastic  assemblages  below  the  massive  sulfides. 
In  this  respect,  the  close  similarities  between  the 
stockwork  ores  at  Jabal  §a’id  and  those  at  Jabal  ash 
Shizm  in  mode  of  occurrence  and  metallogenic  and 
textural  features,  as  well  as  the  close  spatial 
association  of  both  with  red  jasper  beds  and 
hydrothermal  alteration,  indicate  that  the  geologic 
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setting  at  Jabal  ash  Shizm  is  favorable  for  seeking 
additional  reserves  of  stockwork  ores  and  possibly 
associated  massive  sulfides. 

4.  Vein-type  deposits,  although  they  show  no  close  spatial 

relationship  with  stockwork  and  massive  sulfides, 
may  form  in  their  proximity,  where,  however,  they 
tend  to  be  localized  at  somewhat  greater  depths 
within  the  volcanic  sequence. 

5.  The  telluride  minerals,  as  compounds  of  gold  and  silver 

and  as  close  associates  of  auriferous  grains  and 


aggregates,  form  important  guides  to  the  localization 
of  precious-metal  concentration  within  polymetallic 
sulfide  mineralization. 

6.  Certain  trace  minerals  such  as  cobaltite  (CoAsS)  and 
bismuth  tellurides  (tellurobismuthite,  Bi2Te3,  and 
tetradymite,  Bi2Te2S)  show  a  characteristic 
paragenetic  association  with  the  chalcopyrite-rich 
phases  of  polymetallic  sulfide  ores  ;and  thus  may 
indicate  the  occurrence  of  significant  cupriferous 
stockwork  mineralization. 
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92.72 
103.70 
115.90 
128. 10 
140.30 

1 58 . 60 
183.00 

219.60 

268.40 

329.40 
427.00 


6 . 3  E  -  W  2 
1.2E-01 
2. 5E-01 
2.9E-01 
2.8E-01 
2.5E-01 
2.3E-01 
2.3E-01 
2. IE-01 
2.0E-01 
2.0E-01 
1.8E-01 
2.0E-01 
1.7E-01 
1.5E-01 
1.5E-01 
1.3E-01 
1.2E-01 
1. IE-01 
1.0E-01 
8. 2E-02 
7.3E-02 
4.8E-02 
3.0E-02 
1.6E-02 
5.8E-03 


21.73 

43.29 

87.43 
100.00 

97.58 
86. 41 
81.07 
78.65 

72.94 
70.91 
68.21 
61.70 

67.94 
58.96 

52.24 
50.72 
44.93 
41.07 

36 . 53 

35.44 

28.54 
25.  18 
16.69 

10.25 
5.66 
2.02 
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******************************************* 

**************************************** 

*************************************** 

************************************ 

*********************************** 

********************************** 

****************************** 

********************************* 

***************************** 

************************** 

************************* 

********************** 

******************** 

****************** 

***************** 
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************ 
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ECH 


26307 


4 


F'YRITE 


GRflNULOMETRIE  LI  HER  I  RE 


D 

MOYENNES 

MICRONS 

<  y. ) 

0. 00 

58.29 

100.00 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

2.40 

57.84 

99.23 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

4.80 

57.43 

98.53 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

7.20 

56. 57 

97.85 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

9.60 

55.31 

94.89 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

12.00 

53.94 

92.54 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

14.40 

58 . 53 

90.11 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

16.8  0 

51 . 00 

87.50 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

19.20 

49.47 

84 . 87 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

21.60 

47.94 

82.25 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

24.00 

46.31 

79.45 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

26.40 

44.85 

76.94 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

30.00 

42.56 

73.02 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

33.60 

O  Cl  O  Q 
%-•  y »  kj  y 

68.44 

X  XX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

38. 40 

-7  “7 

o  r  .  o  i* 

64.11 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

43.20 

O  J.  O  7 
*T.  Ol 

59.82 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

48.00 

•I*  O  cr,  “7 
ii.  i  J  i 

55.88 

X X  X  X  X  X  X  X  X  X  X  XX  X  X  X XXX  X  X  X  X  X  X  X  X 

54.00 

29. 87 

51.24 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

60.00 

27.34 

46.90 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

66.  00 

25.  15 

43.  15 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

72.00 

22.90 

39.28 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

84.00 

19.10 

32.77 

xxxxxxxxxxxxxxxx 

96.00 

15.88 

27.25 

xxxxxxxxxxxxx 

120.00 

10.88 

18.67 

xxxxxxxxx 

144.00 

7.55 

12.96 

XX XX XX 

180.00 

4.72 

8.09 

xxxx 

240.00 

2.  13 

3.66 

X 

II 

HISTOGRRMME 

1 

1 . 20 

1.9E-01 

25.22 

************ 

3 . 60 

1.7E-01 

22.92 

*********** 

6.00 

3.6E-01 

48.47 

************************ 

8.40 

5.2E-01 

70.74 

*********************************** 

10.80 

5.7E-01 

76.96 

************************************** 

13.20 

5.9E-01 

79.58 

*************************************** 

15.60 

6. 3E-01 

85.48 

****************************************** 

18.00 

6. 4E-01 

86.  13 

******************************************* 

20.40 

6.4E-01 

85.81 

****************************************** 

22.80 

6.8E-01 

91.70 

********************************************* 

j!  5  ■  £0 

6. IE-01 

82.21 

28.20 

6 . 3E-0 1 

85.59 

****************************************** 

31.80 

7.4E-01 

100.00 

************************************************** 

36.  00 

5. 3E-01 

70.90 

*********************************** 

40.80 

5.2E-01 

70.25 

*********************************** 

45.60 

4.8E-01 

64.52 

******************************** 

51.00 

4.5E-01 

60.79 

****************************** 

57. 00 

4.2E-01 

56. 85 

**************************** 

63.00 

3.6E-01 

49.  13 

************************ 

69.00 

3 . 8E-0 1 

50.70 

************************* 

78.00 

3. 2E-01 

42.64 

********************* 

90.00 

2.7E-01 

36.  16 

****************** 

108.00 

2. IE-01 

28.  10 

************** 

132.00 

1.4E-01 

18.70 

********* 

162.00 

7.9E-02 

10.63 

***** 

210.00 

4.3E-02 

5.80 

** 
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SULFIDE  MINERALIZATION  AT  JABAL  SA’ID 


•ECH.  26308 

PYRITE 


GRRNULOMETRIE  LI  her  I  re 


I) 

MOYENHES 

MICRONS 

<50 

<X> 

0.00 

35.02 

100.00 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

2.40 

34.42 

98.30 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

4.80 

34.  15 

97.52 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

7.20 

o  -?  o 
■  1  «-» 

96.47 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

9.60 

33 . 06 

94.40 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

12.00 

32.23 

92.02 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X 

14.40 

31.37 

S9.59 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

16.80 

30.55 

87.25 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

19.20 

29.74 

84.92 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

21.60 

28.96 

82.69 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

24.00 

28.  15 

80.37 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

26.  40 

27.36 

78.  14 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

30.00 

it? .  2b 

74.98 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

33.  60 

25.06 

71.57 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

38.40 

23. 63 

67 . 49 

X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

43.20 

22.  17 

63.32 

X  X  X  X  X  X  X  X  X  X X  X  X  XXX  X X X  X  X  X  X  X  X  X  X  X  X  X  X 

48.00 

20.83 

59.49 

X  XXX  X  X  X  X  X X  X  X X  X  X  X  X  X  X  X  X  X  X  X  X X  X X X 

54. 00 

19.29 

55. 08 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

60.00 

17.84 

50.95 

X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X 

66.00 

16.49 

47.09 

XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

72.00 

15.16 

43.29 

xxxxxxxxxxxxxxxxxxxxx 

84.  00 

12.98 

37.07 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

96.00 

11.27 

32. 18 

xxxxxxxxxxxxxxxx 

120. 00 

8.40 

23.98 

xxxxxxxxxxx 

144.00 

6.42 

18.32 

xxxxxxxxx 

180.00 

4. 56 

13.03 

xxxxxx 

240.00 

2.38 

6.80 

XXX 

D  HISTGGRRMME 


1.20 

2.5E-01 

69. 96 

3 . 60 

1. IE-01 

32.09 

6.00 

1.5E-01 

43.22 

8.40 

3.0E-01 

85.  18 

10.80 

3.5E-01 

97.93 

13.20 

3.5E-01 

100.00 

15.60 

3.4E-01 

96.30 

18.00 

3.4E-01 

95.89 

20.40 

3.3E-01 

91.76 

22.80 

3 . 4  E  -  0 1 

95.48 

25.20 

3.3E-01 

91.76 

28.20 

3. IE-01 

86.70 

31.80 

3.3E-01 

93.54 

36.00 

3.0E-01 

83.95 

40.80 

3.0E-01 

85.80 

45.60 

2.8E-01 

78.81 

51 . 00 

2.6E-01 

72.59 

57.00 

2. 4E-01 

67.99 

63.00 

2.3E-01 

63.53 

69.00 

2.2E-01 

62.55 

78.00 

1.8E-01 

51. 19 

90.00 

1.4E-01 

40.25 

108.00 

1.2E-01 

33.74 

132.00 

8.3E-02 

23.29 

162.00 

5. IE-02 

14.51 

210.00 

3 . 6  E  -  0  2 

10.25 
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**************** 

********************* 

****************************************** 

************************************************ 

************************************************** 

************************************************ 

*********************************************** 

********************************************* 

*********************************************** 

********************************************* 

******************************************* 

********************************************** 

***************************************** 

****************************************** 

*************************************** 

************************************ 

********************************* 

******************************* 

******************************* 

************************* 
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**************** 

*********** 
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FCH.  8  48  H  3  8 

PYRITE  6 


GRRNULOMETRIE  LI  HER  I  RE 


D  MOYENNES 

MICRONS  C4> 


0.00 

2.40 

4.80 

7.20 

9.60 

12.00 

14.40 
16.80 
19.20 
21.60 
24.00 

26.40 
30.00 
33.60 

38. 40 
43.  20 
48.00 
54.00 
60.00 
66.00 
72.00 
84.00 
96.00 

120.00 

144.00 

180.00 

240.00 


II 

1 . 20 
3 . 60 
6.00 
8.40 
10.80 

13.20 

15.60 
18.00 
20.40 
22.80 

25.20 

28.20 

31.80 
36.00 

40.80 

45.60 
51.00 
57.00 
63.00 
69.00 
78.00 
90.00 

108.00 

132.00 

162.00 

210.00 


21.23 
21 . 06 
20.96 
20.78 
20.54 
20.22 

19.89 

19.53 
19.  14 
18.77 
18.40 
1 8 . 03 

17.54 

16.99 
16.31 
15.65 

14.99 

14.26 

13.54 

12.90 

12.26 
1 1 . 00 

9.90 
8.08 
6 . 60 
5.23 
3.73 


7. IE-02 
4. IE-02 
7.3E-02 
1 . 0E-01 
1.3E-01 
1.4E-01 
1.5E-01 
1.6E-01 
1 . 6E-0 1 
1.5E-01 
1.6E-01 
1.4E-01 
1.5E-01 
1.4E-01 
1.4E-01 
1.4E-01 
1.2E-01 
1.2E-01 
1 . IE-01 
1. IE-01 
1. IE-01 
9. 2E-02 
7.6E-02 
6.2E-02 
3. 8E-02 
2.5E-02 


100.00 

99.20 

98.74 

97.91 

96.77 
95.27 
93.69 
92.00 
90.  18 
88.42 
86 . 68 

84.92 
82.61 
80.02 
76.84 
73.72 

70.61 
67.  16 

63.76 

60.78 

57.76 
51 . 80 

46.62 
38.07 
31. 10 
24.66 
17.56 


43.76 
85. 62 
45.44 

62.35 

82.36 
87.02 
92.34 

100.00 

96.99 

95.54 

96.31 

84.50 

94.77 
87.28 

85 . 6 1 

85.51 

75.62 
74.65 

65 . 62 
66 . 26 

65 . 36 
56.91 
46.93 
38.27 

23.58 

15.58 
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X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxx 

xxxxxxxxxxxx 

xxxxxxxx 
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SULFIDE  MINERALIZATION  AT  JABAL  §A’ID 


ECH.  26293 

PYRITE 


GRfiNULGMETRIE  LINER  I  RE 


MOYENNES 
<X>  O'.) 


D 

MICRONS 

0.00 

2.40 

4.80 

7.20 

9.60 

12.00 

14.40 
16.80 

19.20 
21.60 
24.00 

26.40 
30.00 
33.60 

38.40 

43.20 
48.00 
54.00 
60.00 
66.00 
72.00 
84.00 
96.  00 

120.00 

144.00 

180.00 

240.00 


D 

1.20 

3.60 

6.00 

8.40 

10.80 

13.20 

15.60 
18.00 
20.40 
22.80 

25.20 

28.20 

31.80 
36 . 00 

40.80 

45.60 
51.00 
57.00 
63 . 00 
69.00 
78.00 
90.00 

108.00 

132.00 

162.00 

210.00 


27.01 

26.78 

26.64 

26.39 
25.96 

25.40 
24.77 
24.  1 1 
23.43 
22.68 
21.95 
21.21 
20.27 
19.30 
18.  15 
17.02 
15.87 
14.72 
13.48 
1 2 . 5.7 
11.62 
10.01 

8. 65 
6. 63 
5 . 03 
3.  37 
1.69 


9.7E-02 
5.9E-02 
1.0E-01 
1.8E-U1 
2. 3E-01 
2.6E-01 
2 . 8E-0 1 
2.8E-01 
3. IE-01 
3. 0E-01 
3.  IE-01 
2. 6E-01 
2.7E-01 
2.4E-01 
2.3E-01 
2.4E-01 
1.9E-01 
2. IE-01 
1.5E-01 
1.6E-01 
1.3E-01 
1. IE-01 
8.4E-02 
6.7E-02 
4.6E-02 
2.8E-02 


100.00 
99.  14 

98.62 
97.69 
96.11 
94.03 
91.71 
89.25 
86.73 
83.98 
81.28 
78.54 
75. 06 

71.45 
67.  19 
63.02 
58. 76 
54.48 
49.91 
46.52 
43.02 
37.07 
32.04 
24.56. 

18.62 

12.46 
6.27 


31.27 
18.91 
33.82 

57.44 

75.63 
84.37 

89.45 

91.64 
100.00 

98.17 

99.64 
84.36 
87.52 

77.45 
75.81 

77.46 
62.25 

66.47 
49.31 
50.90 

43.27 
36.58 
27.20 
21 . 60 
14.93 

9.00 


HISTOGRBMME 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxx 

XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxx 

xxxxxxxxxxxx 

xxxxxxxxx 

xxxxxx 
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APPENDIX 


81 


:ch. 


26295 


8 


PYRITE 

GRANULOMETRIE  LINEflIRE 


MOYENNES 


MICRONS 

<>:> 

<50 

0.00 

42.65 

100.00 

4.88 

42.40 

99.42 

9.76 

42.22 

99.01 

14.64 

41.93 

98.31 

19.52 

41.51 

97.33 

24.40 

41.04 

96.24 

29.28 

40.61 

95.23 

34.  16 

40.  19 

94.24 

39.04 

39.77 

93.26 

43.92 

39.36 

92.30 

48.80 

38.95 

91.33 

53 . 68 

38.51 

90.30 

61 . 00 

37.87 

88.80 

68.32 

37.20 

87.24 

78.08 

36. 35 

85.22 

87.84 

35.46 

83.  14 

97 . 60 

34 . 58 

81 . 08 

109.80 

33.47 

78.48 

122.00 

32.25 

75.62 

134.20 

31.09 

72.90 

146.40 

29.94 

70.  19 

170.80 

27.87 

65.34 

195.20 

25.91 

60.76 

244.00 

21.84 

51.21 

292.80 

18.  13 

42-.  50 

3  b  b  ■  00 

13.70 

32.11 

488.00 

8.42 

19.74 

X  xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X X  XXX  X  X  X  X  X  X X  X  X  X  X  X  X  X  X  X  X  X X  X  X  X  X  X  X  X  X  X  X X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X X  X X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxx 

xxxxxxxxx 


D  HISTOGRflMME 


2.44 

7.32 

12.20 

17.08 

21.96 
26.84 

31.72 
36.60 
41.48 
46.36 
51.24 
57.34 
64.66 
73.20 

82.96 

92.72 
103.70 
115.90 
128.10 
140.30 

158.60 
183.00 

219.60 

268.40 

329.40 
427.00 


5.0E-02 
3. 6E-02 
6. IE-02 
8.5E-02 
9.5E-02 
8.8E-02 
8.6E-02 
8.6E-02 
8.4E-02 
8.5E-02 
9.0E-02 
8.7E-02 
9. IE -02 
8.8E-02 
9. IE-02 
9.0E-02 
9. IE-02 
1.0E-01 
9.5E-02 
9.5E-02 
8.5E-02 
8 . 0  E  -  0  2 
8.3E-02 
7.6E-02 
6. IE-02 
4.3E-02 


50.37 
36.39 
61.11 
85.49 
95.41 
88.07 
86.  19 
85.98 
83.85 

85.25 
89.75 
87.35 

90.96 
88.03 

91. 13 
90.06 
90.89 

100.00 

94.87 
94 . 66 

84.87 

79.96 
83.47 

76.14 
60.52 

43.26 
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SULFIDE  MINERALIZATION  AT  JABAL  §A’ID 


ECH. 


>631  1 


PVR  I TE 


GRfiNULOMETRIE  LI  HER  I  RE 


D 


MOYEHHES 


I  CRONS 

<■/.) 

<X> 

0.  00 

6.52 

100.00 

2.40 

6 . 3b 

97.60 

4. 80 

6.29 

96.53 

7.20 

6.  16 

94.56 

9.60 

5.98 

91.81 

12.00 

5.76 

88.39 

14.40 

5.52 

84.73 

16.80 

5.30 

81.26 

19.20 

5.03 

77.  16 

21.60 

4.81 

73.86 

24.00 

4.58 

70.22 

26.40 

4.35 

66.77 

30.00 

4.07 

62.48 

33.60 

3 . 77 

57.86 

38.40 

3.42 

52.52 

43.20 

3.  14 

48.  16 

48.00 

2.87 

44.03 

54.00 

2.57 

39.38 

60.0  0 

2.31 

35.39 

66. 00 

2.06- 

31.67 

72.00 

1.85 

28.42 

84.00 

1 . 49 

22.85 

96.00 

1.21 

18.64 

120.00 

0.77 

1 1 . 89 

144.00 

0.52 

7.92 

180.00 

0.31 

4.73 

240.00 

0.  12 

1.91 

D 

HISTOGRflMME 

1.20 

6.5E-02 

58.58 

3.60 

2. 9E-02 

26.  15 

6.00 

5. 3E-02 

48.07 

8.40 

7.5E-02 

67.04 

10.80 

9.3E-02 

33 . 46 

13.20 

9. 9E-02 

89.28 

15.60 

9.4E-02 

84. 80 

18.00 

1. IE-01 

100.00 

20.40 

9.0E-02 

80.48 

22 . 80 

9.9E-02 

88.95 

25.20 

9.4E-02 

84.12 

28.20 

7.8E-02 

69 . 76 

31.80 

8. 4E-02 

75.  15 

36.00 

7.3E-02 

65.15 

40.80 

5.9E-02 

53.25 

45.60 

5. 6E-02 

50.36 

51.00 

5. IE-02 

45.38 

57.00 

4. 3E-02 

38.92 

63.00 

4. 0E-02 

36 . 36 

69.00 

3.5E-02 

31.72 

78.00 

3.0E-02 

27.17 

90.00 

2.3E-02 

28.56 

108.00 

1.8E-02 

16.47 

132.00 

1. IE-02 

9.70 

162.00 

5.8E-03 

5.  19 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XX 
X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
XXX  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxx 

xxxxxxxxxxxxxx 

xxxxxxxxxxx 

xxxxxxxxx 

XX  XXX 

XXX 
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APPENDIX 


83 


ECH. 


26312 


10 


PYRITE 


GRBNULOMETRIE  LINER I  RE 


MOYENNES 


MICRONS 

<*/.) 

<X> 

0.00 

1.33 

100.00 

X X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X X  X  X  X  X  X  X  X  X  X  X  X  X X  X  X  X  X  X  X  X  X  X  X 

2.40 

1.33 

99.65 

X  X  X  X  X  X  X  X  X  X X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X X  X  X  X  X  X  X  X  X  X  X  X X  X  X  X  X  X  X  X  X 

4 . 80 

1.33 

99.30 

X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X X  X  X  X  X  X  X  X  X  X  X  X  X X  X  X  X  X X X  X  X X 

7.20 

1.32 

98.93 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

9.60 

1.32 

98. 56 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

12.00 

1.31 

98.  19 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

14.40 

1 . 30 

97.67 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X X  X  X  X  X  X  X  X  X  X X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

16.  80 

1.29 

96.97 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

19.20 

1.29 

96.53 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

21 . 60 

1.28 

96.07 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

24.00 

1.28 

95.62 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

26.40 

1.27 

95.  11 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

30.00 

1.26 

94.45 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

33.60 

1.25 

93.58 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X X  X  X  X  X X 

38.40 

1.23 

92.23 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

43.  20 

1.21 

90.68 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

48.00 

1.  19 

89.11 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

54.00 

1.  16 

87.21 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X 

60.00 

1 .  13 

84.92 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

66 . 00 

1.1 2 

84.23 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

72.00 

1.11 

S3 . 32 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

84.00 

1.09 

81.67 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

96.00 

1.07 

80.  13 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

120.00 

1.01 

75.50 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

144.00 

0.98 

73.  17 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

180.00 

0.83 

62.00 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

240.00 

0.  35 

26.19 

xxxxxxxxxxxxx 

D 

HISTOGRRMME 

1 . 20 

1 . 9E-03 

24.47 

************ 

3 . 60 

2.0E-03 

24.69 

************ 

6.00 

2. 0E-03 

25 . 73 

************ 

8.40 

2.0E-03 

25.71 

************ 

10.80 

2. IE-03 

25. 76 

************ 

13.20 

2.9E-03 

36.61 

****************** 

15.60 

3.SE-03 

48.24 

************************ 

18.00 

2.5E-03 

31.00 

*************** 

20.40 

2. 6E-03 

32.06 

**************** 

22.  80 

2.5E-03 

31.44 

*************** 

25.20 

2.8E-03 

35.45 

***************** 

28.20 

2.4E-03 

30.61 

*************** 

31.80 

3.2E-03 

40. 74 

******************** 

36.00 

3.8E-03 

47.18 

*********************** 

40.80 

4.3E-03 

54.  10 

*************************** 

45.60 

4.3E-03 

54.58 

*************************** 

51.00 

4.2E-03 

53.  17 

************************** 

57.00 

5. IE-03 

63.93 

******************************* 

63 . 00 

1 . 5E-03 

19.35 

********* 

69.00 

2.0E-03 

25.24 

************ 

78.00 

1.8E-03 

23.07 

*********** 

90.00 

1.7E-03 

21.50 

********** 

108.00 

2.6E-03 

32.33 

**************** 

132.00 

1 . 3E-03 

16.25 

******** 

162.00 

4. IE-03 

51.95 

************************* 

210.00 

8. 0E-03 

100.00 

************************************************** 
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BLENDE 


GRRNULOMETR I E  LI  HER  I  RE 


D 

MOYENNES 

II  CRONS 

<50 

<50 

0. 00 

q  o  c; 

100.00 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

2.40 

8.59 

92.85 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

4.80 

7.96 

86.05 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

7.20 

6.96 

75.20 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

9.60 

6.03 

65.19 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

12.00 

5.27 

56.99 

xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

14.40 

4.70 

50.86 

xxxxxxxxxxxxxxxxxxxxxxxxx 

16.80 

4.23 

45.72 

xxxxxxxxxxxxxxxxxxxxxx 

19.20 

3.84 

41.53 

xxxxxxxxxxxxxxxxxxxx 

21.60 

3.55 

38.40 

X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X 

24.00 

■j  i"i 

•-*  ■  c.  7 

35.54 

xxxxxxxxxxxxxxxxx 

26.40 

3.05 

33.01 

xxxxxxxxxxxxxxxx 

30 . 00 

2.80 

30.23 

xxxxxxxxxxxxxxx 

33 . 60 

•?  =;■? 

k.  1  vu 

27.21 

xxxxxxxxxxxxx 

38.40 

2.22 

24.03 

xxxxxxxxxxxx 

43.20 

2.01 

21.70 

xxxxxxxxxx 

48.00 

1.82 

19.65 

xxxxxxxxx 

54.00 

1.63 

17.62 

xxxxxxxx 

60 . 00 

1.47 

15.93 

xxxxxxx 

66 . 00 

1.35 

14.60 

xxxxxxx 

72.00 

1.21 

13.  12 

xxxxxx 

84.00 

0.99 

10.67 

xxxxx 

96.00 

0.82 

8.87. 

xxxx 

120.00 

0.61 

6.58 

XXX 

144.00 

0.45 

4.90 

XX 

180.00 

0.33 

3.52 

X 

240.00 

0.21 

2.29 

X 

D 

HISTOGRRMME 

1.20 

2. 8E-01 

65.88 

******************************** 

3.60 

2.6E-01 

62.78 

******************************* 

6.00 

4.2E-01 

1 00 . 00 

************************************************** 

8.40 

3. 9E-01 

92.26 

********************************************** 

10.80 

3.2E-01 

75.68 

************************************* 

13.20 

2.4E-01 

56.52 

**************************** 

15.60 

2.0E-01 

47.35 

*********************** 

18.00 

1.6E-01 

38.62 

******************* 

20.40 

1.2E-01 

28.86 

************** 

22.80 

1 . IE-01 

26.42 

************* 

25.20 

9.7E-02 

23.27 

*********** 

28.20 

7.2E-02 

17.11 

******** 

31.80 

7.7E-02 

18.53 

********* 

36.00 

6. IE-02 

14.68 

******* 

40.80 

4.5E-02 

10.74 

***** 

45.60 

4.0E-O2 

9.46 

**** 

51.00 

3. IE-02 

7.49 

*** 

57.00 

2.6E-02 

6.21 

63.00 

2. IE-02 

4.94 

69.00 

2.3E-02 

5. 46 

78.00 

1.9E-02 

4.51 

** 

90.00 

1 . 4E-02 

3.32 

* 

108.00 

8.8E-03 

2.  11 

* 

132.00 

6. 5E-03 

1.55 

162.00 

3.6E-03 

0.85 

?  i  ft  on 

1  QF-fn 

fl .  46 

APPENDIX 


85 


ECH.  105  Sfl  38 

BLENDE 


GRflNULOMETRIE  LINER  I  RE 


D 

MOYENNES 

MICRONS 

<X> 

OO 

0.00 

9.56 

100. 00 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

4 . 88 

8.97 

93.81 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

9.76 

8.40 

87.83 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

14.64 

7.53 

78.77 

X  XXX  X X  X  X  X  X  XXX  X X  X X  X  X  X  X  X  X  X  X X  X  X X  X  X  X  X  X  X  X  X X  X 

19.52 

6 . 68 

69.85 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

24.40 

6 . 00 

62.80 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

29.28 

5.49 

57.45 

xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

34.  16 

5.07 

53 . 03 

xxxxxxxxxxxxxxxxxxxxxxxxxx 

39.04 

4.72 

49.40 

xxxxxxxxxxxxxxxxxxxxxxxx 

43.92 

4.41 

46.  14 

xxxxxxxxxxxxxxxxxxxxxxx 

48.80 

4.  15 

43.44 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

53.68 

3.95 

41.34 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

61.00 

3. 67 

38.35 

X  X  X  X  X  X  X  X  X X  X  X  X  X  X  X  XXX 

68.32 

•w*  ■  ,T«^ 

35.80 

xxxxxxxxxxxxxxxxx 

78.08 

2  \2 

32 . 76 

xxxxxxxxxxxxxxxx 

87.84 

2.88 

30.  11 

xxxxxxxxxxxxxxx 

97.60 

2.67 

27 . 88 

xxxxxxxxxxxxx 

109.80 

2.43 

25.45 

xxxxxxxxxxxx 

122.00 

2.  22 

23.19 

xxxxxxxxxxx 

134.20 

2.02 

21.09 

xxxxxxxxxx 

146.40 

1.84 

19.22 

xxxxxxxxx 

170.80 

1.60 

16.69 

xxxxxxxx 

195.20 

1.37 

14.36 

xxxxxxx 

244.00 

1.03 

10.81 

XXX  XX 

292.80 

0.78 

8.  18 

xxxx 

366.00 

0.53 

5.51 

XX 

488.00 

0.  13 

1.41 

D 

HISTOGRfiMME 

2.44 

1.2E-01 

68.32 

********************************** 

*7  o 
i  i  Ol 

1.2E-01 

66.01 

********************************* 

12.20 

1.8E-01 

100.00 

************************************************** 

17.08 

1.7E-01 

98.46 

************************************************* 

21.96 

1.4E-01 

77.82 

************************************** 

26.84 

1 . 0E-01 

59. 05 

***************************** 

31.72 

8.7E-02 

48.79 

************************ 

36 . 60 

7. IE-02 

40.07 

******************** 

41.48 

6.4E-02 

35.98 

***************** 

46.36 

5.3E-02 

29.80 

************** 

51.24 

4. IE-02 

23.  18 

*********** 

57.34 

3.9E-02 

22.00 

*********** 

64 . 66 

3.3E-02 

18.76 

********* 

73.20 

3.0E-02 

16.78 

******** 

82 . 96 

2 . 6E-02 

14.62 

******* 

92.72 

2.2E-02 

12.31 

****** 

103.70 

1.9E-02 

10.73 

***** 

115.90 

1 . 8E-02 

9.98 

**** 

128.10 

1 . 6E-02 

9.27 

**** 

140.30 

1 . 5E-02 

8.26 

**** 

158.60 

9 . 9E-03 

5.59 

** 

183.00 

9. IE-03 

5.  14 

** 

219.60 

7. 0E-03 

3.92 

* 

268.40 

5.2E-03 

2.90 

* 

329.40 

3.5E-03 

1.96 

427.00 

3.2E-03 

1.81 
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13 

BLENDE 


GRflNULOMETRIE  LINEflIRE 


D 

MOYENNES 

MICRONS 

0.00 

24.81 

100.00 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

4 . 88 

24.06 

96.97 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

9.76 

23.21 

93.56 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

14.64 

21.76 

87.70 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

19.52 

20.  18 

81.33 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

24.40 

18.80 

75.79 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

29.28 

17.56 

70.80 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX 

34.  16 

16.42 

66.20 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

39.04 

15.40 

62.06 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

43.92 

14.42 

58.  14 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

48.80 

13.53 

54.53 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

53.68 

12.70 

51.17 

xxxxxxxxxxxxxxxxxxxxxxxxx 

61 . 00 

11.64 

46.93 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

68.32 

10.52 

42.39 

X  X  X  X  X  X X  X  X  X  XXX  X  X  X  X X  X X X 

78.08 

9.33 

37.61 

xxxxxxxxxxxxxxxxxx 

87.84 

8.30 

33.45 

xxxxxxxxxxxxxxxx 

97.  60 

7.40 

29.83 

xxxxxxxxxxxxxx 

109.80 

6.45 

26.01 

xxxxxxxxxxxxx 

122.00 

5.56 

22.43 

xxxxxxxxxxx 

134.20 

4.88 

19.65 

xxxxxxxxx 

146.40 

4.24 

17.09 

xxxxxxxx 

170.80 

3.  19 

12.86 

XXX XXX 

195.20 

2.39 

9.64 

xxxx 

244.00 

1 . 36 

5.49 

XX 

292.80 

0.69 

2.80 

X 

366 . 00 

0.22 

0.88 

488.00 

0.03 

0.  14 

D 

HIST  OGRflMME 

2.44 

1.5E-01 

47.63 

*********************** 

7.32 

1.7E-01 

53.53 

************************** 

12.20 

3. 0E-01 

92.07 

********************************************** 

17.08 

3.2E-01 

100.00 

************************************************** 

21.96 

2.8E-01 

87.  12 

******************************************* 

26.84 

2. 5E-01 

78.37 

*************************************** 

31.72 

2.3E-01 

72.  16 

************************************ 

3 1> .  60 

2. IE-01 

65.  10 

******************************** 

41.48 

2.0E-01 

61.54 

****************************** 

46.36 

1.8E-01 

56 . 66 

**************************** 

51.24 

1.7E-01 

52.78 

************************** 

57.34 

1. 4E-01 

44.49 

********************** 

64 . 66 

1.5E-01 

47.47 

*********************** 

73.20 

1.2E-01 

37.53 

****************** 

82.96 

1. IE-01 

32.66 

**************** 

92.72 

9. 2E-02 

28.45 

************** 

103.70 

7.8E-02 

24.03 

************ 

115.90 

7.3E-02 

22.51 

*********** 

128. 10 

5.6E-02 

17.42 

******** 

140.30 

5.2E-02 

16.  12 

******** 

158. 60 

4. 3E-02 

13.28 

****** 

183.00 

3.3E-02 

10.11 

***** 

219.60 

2. IE-02 

6.53 

*** 

268.40 

1 . 4E-02 

4.22 

** 

329.40 

6.5E-03 

2.01 

* 

427.00 

1.5E-03 

0.47 
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F  CH .  £.'6306 

BLENDE 


GRRNULOMETR IE  LI  HER  I  RE 


II 

MOYENNES 

I CRONS 

<■:> 

<>:> 

0.00 

43.65 

100.00 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XX  X  X  X  XX  X  X  X  X  X  X  X  X  X  X  X  X  X  XX  X  X  X  X  X  X  X  X  X  X  X  X  X 

4.88 

42.75 

97 . 94 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

9.76 

41.92 

96.03 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

14.64 

40. 63 

93.20 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

19.52 

39.31 

90.07 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

24.48 

38.09 

87.27 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

29.23 

37.07 

84.92 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

34.  16 

36.24 

83.04 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

39.04 

35.47 

81.25 

XXXXXXXXXXXXXXXXXXXXXXvXXXXXXXXXXXXXXXXXX 

43.92 

34.84 

79.81 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

48.80 

34.21 

78.36 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

53.68 

33.61 

77.00 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

61 . 00 

32.88 

75.32 

X  X  X  X  X X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X X  X  X  X  X  X  X  X  X  X  X  X  X 

68.32 

32.  13 

73.61 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

7  8 . 0  8 

3 1 . 27 

71.63 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

37.84 

30.41 

69. 66 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

97.60 

29. 53 

67.66 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

109.80 

28 . 63 

65.59 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

122.00 

27.49 

62.97 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

134.20 

86 . 60 

60.95 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

146.40 

25. 62’ 

58.69 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

170.80 

23.74 

54. 40 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

195.20 

21 . 99 

50.39 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

244. 00 

18.73 

42.92 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX 

292.80 

15.84 

36.28 

xxxxxxxxxxxxxxxxxx 

366.00 

12.23 

28.02 

xxxxxxxxxxxxxx 

438.00 

7.07 

16.19 

xxxxxxxx 

Ii  HISTOGRRMME 


2.44 

7.32 

12.20 

17.08 

21.96 
26.84 

31.72 
36.6  0 
41.43 
46.36 
51.24 
57.34 
64 . 66 
73.20 

82.96 

92.72 
103.70 
115.90 
128.10 
140. 30 

158.60 
183.00 

219.60 

268.40 

329.40 
427.00 


1.8E-01 
1.7E-01 
2.5E-01 
2 . 8  E  -  0 1 
2. 5E-01 
2. IE-01 
1.7E-01 
1.6E-01 
1.3E-01 
1.3E-01 
1.2E-01 
1 . 0E-01 
1.0E-01 
8. 8E-02 
8.8E-02 
9.0E-02 
7.4E-02 
9. 4E-02 
7.2E-02 
8. IE-02 
7.7E-02 
7.2E-02 
6.7E-02 
5.9E-02 
4. 9E-02 
4.2E-02 


65.72 

60.99 

90.42 
100.00 

39.42 
74.86 
60.20 
57.03 
45.89 
46.23 

43.43 
3  5  •  8  6 
36.51 
31.47 
31 . 46 
32.03 
26.38 
33.49 
25.80 
28.91 
27.40 

25.59 
23.85 
21. 19 

17.59 
15.  1 1 


******************************** 

****************************** 

********************************************* 

************************************************** 

******************************************** 

************************************* 

****************************** 

**************************** 

********************** 

*********************** 

********************* 

***************** 

****************** 

*************** 

*************** 

**************** 

************* 

**************** 

************ 

************** 

************* 

************ 

*********** 

********** 

******** 

******* 
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ECH.  26307 

BLENDE 

GRflNULOMETR IE  LINEFII RE 


D 

MOYENNES 

MICRONS 

<50 

<y.> 

0 . 00 

11.83 

100.00 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

2.40 

11.27 

95.30 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

4.80 

10.6  3 

90.26 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

7.20 

9.60 

81.17 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

9.60 

8 . 66 

73.  17 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

12.00 

7.94 

67.  11 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

14.40 

y  oc; 

i  •  v1  J 

62.  16 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

16.80 

6 . 85 

57.89 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

19.  20 

6.40 

54.  10 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

21.60 

6.03 

51.01 

xxxxxxxxxxxxxxxxxxxxxxxxx 

24.00 

5.67 

47.92 

xxxxxxxxxxxxxxxxxxxxxxx 

26.40 

5. 35 

45.21 

xxxxxxxxxxxxxxxxxxxxxx 

30.00 

4.94 

41.76 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

33 . 60 

4.56 

38.54 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

38.40 

4.09 

34.58 

xxxxxxxxxxxxxxxxx 

43.20 

3 . 68 

31.07 

xxxxxxxxxxxxxxx 

48.00 

O  O 

■  O 

23.  18 

xxxxxxxxxxxxxx 

54.00 

2.96 

25.05 

xxxxxxxxxxxx 

60.00 

2.65 

22.42 

xxxxxxxxxxx 

66 .  00 

2.42 

20.46 

xxxxxxxxxx 

72.00 

2.22 

13.73 

xxxxxxxxx 

84.00 

1 . 87 

15.77 

XX XX XXX 

96.00 

1.57 

13.30 

XXX XXX 

120.00 

1 . 22 

10.32 

XX  XXX 

144.00 

1.02 

8.65 

XX  XX 

180.00 

0.85 

7.20 

XXX 

240.00 

0.67 

5.70 

XX 

D 

HISTOGRflMME 

1 . 20 

2.3E-01 

51.72 

************************* 

3.60 

2. 5E-01 

55.45 

*************************** 

6.00 

4.5E-01 

100.00 

************************************************** 

8.40 

3. 9E-01 

88.01 

******************************************** 

10.80 

3. 0E-01 

66 . 67 

********************************* 

13.  20 

2.4E-01 

54. 46 

*************************** 

15.60 

2. IE-01 

46.98 

*********************** 

18.00 

1 . 9E-01 

41.70 

******************** 

20.40 

1.5E-01 

34.00 

**************** 

22.80 

1.5E-01 

34.00 

**************** 

25.20 

1.3E-01 

29.81 

************** 

28.20 

1. IE-01 

25.30 

************ 

31.80 

1. IE-01 

23.62 

*********** 

36.  00 

9. 8E-02 

21.78 

********** 

40.80 

8.7E-02 

19.31 

********* 

45.60 

7. IE-02 

15.90 

******* 

51.00 

6.2E-02 

13.77 

****** 

57. 00 

5.2E-02 

11.57 

***** 

63.00 

3. 9E-02 

8.63 

**** 

69.00 

3.4E-02 

7.61 

*** 

78.00 

2.9E-02 

6.51 

*** 

90.00 

2.4E-02 

5.43 

** 

108.00 

1.5E-02 

3.28 

* 

132.00 

8.2E-03 

1 . 84 

162.00 

4.8E-03 

1.06 

210.00 

3. 0E-03 

0 . 66 
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ECH. 


26308 


BLENDE 


16 


GRRNULOMETRIE  LI  HER  I  RE 


MOVENNES 

<X>  <x> 


D 

M I  CRONS 

0.00 
4.88 
9.76 
14.64 
19.52 
24.40 
29.28 
34.  16 
39.04 
43.92 
43.80 
53 . 68 
61 . 00 
68.  32 
78.08 
87.84 
97.60 

109.80 

122.00 

134.20 
146.40 

170.80 

195.20 
244.00 

292.80 
366.00 
488.00 


D 

2.44 
7 . 32 
12.20 
17.08 

21.96 
26.84 

31.72 
36.60 
41.48 
46 .  36 
51.24 
57.34 
64.66 
73.20 

82 . 96 

92.72 
103.70 
115.90 
128.10 
140.30 

158.60 
183. 00 

219.60 

268.40 

329.40 
427.00 


38 . 80 

37.96 

37.24 
36.  18 
34.99 

33.87 
32.91 
32.05 

31.25 
30.52 
29.90 
29.32 
28.56 
27 . 75 

26.87 
26.07 
25.30 
24.34 
23.41 
22.  60 
21.66 

19.97 
18.39 
15.73 
13.24 

9.95 

5.75 


1.7E-01 
1.5E-01 
2.2E-01 
2.5E-01 
2.3E-01 
2. 0E-01 
1.8E-01 
1.6E-01 
1.5E-01 
1.3E-01 
1.2E-01 
1.0E-O1 
1. IE-01 
9.0E-02 
8.2E-02 
7.9E-02 
7.8E-02 
7.6E-02 
6.7E-02 
7.7E-02 
6. 9E-02 
6.5E-02 
5.5E-02 
5. IE-02 
4.5E-02 
3.4E-02 


100.00 
97.84 
95.99 
93.26 
90.  17 
87.28 

84.81 
82.59 

80.54 
78.66 
77.06 
75.56 
73 . 6 1 
71.52 
69.25 
67.  19 
65.  19 
62.73 
60.33 
58.24 

55.81 
51.47 
47.40 

40.54 
34.  12 
25.65 

14.82 


70.  10 
60.00 

88.48 

100.00 

93.61 

80.09 

72.00 

66.49 

60.78 
51.99 
48.34 
42.  12 
45.  17 
36.80 
33.42 
32.38 
31.90 
31.06 

27.  16 
31 . 44 

28 .  1 6 
26 . 36 
22.24 

20.79 
18.31 
14.04 


HISTOGRRMME 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X X X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X X  X  X  X X  X  X  X  X  X X  X  X  X  X  X  X  X  X  X  X  X  X X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X 


XX 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 


X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX 
X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxx 

xxxxxxxxxxxx 

xxxxxxx 


*********************************** 

***************************** 

******************************************** 

***************************************************** 

************************************************* 

**************************************** 

*********************************** 

********************************* 

****************************** 

************************* 

************************ 

********************* 

********************** 

****************** 

**************** 

**************** 

*************** 

*************** 

************* 

*************** 

************** 

************* 

*********** 

********** 

********* 

*******  . 
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SULFIDE  MINERALIZATION  AT  JABAL  §A’ID 


ECH.  94  SR  38 

BLENDE 


GRRNULOMETRIE  LINER  I  RE 


D 

MOYENNES 

ICRONS 

0.00 

1 . 09 

100.00 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

2.40 

0 . 98 

90.24 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

4.80 

0.87 

80 .  1 6 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

7.20 

0.72 

66 . 46 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

9.60 

0.63 

58.  15 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

12.00 

0. 58 

52.81 

XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

14.40 

0.53 

48.88 

xxxxxxxxxxxxxxxxxxxxxxxx 

16.80 

0. 50 

45.77 

xxxxxxxxxxxxxxxxxxxxxx 

19.20 

0.48 

43.63 

xxxxxxxxxxxxxxxxxxxxx 

21.60 

0.45 

41.09 

xxxxxxxxxxxxxxxxxxxx 

24.00 

0.42 

38.64 

xxxxxxxxxxxxxxxxxxx 

26.40 

0.40 

37.02 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

30.00 

0.37 

34.  18 

xxxxxxxxxxxxxxxxx 

33.60 

0.35 

31.72 

xxxxxxxxxxxxxxx 

38.40 

0.31 

23.64 

xxxxxxxxxxxxxx 

43.20 

0.28 

25.56 

xxxxxxxxxxxx 

48.00 

0 . 26 

23.99 

xxxxxxxxxxx 

54 . 00 

0.24 

21.79 

xxxxxxxxxx 

60.00 

0.21 

19.  10 

xxxxxxxxx 

66.00 

0.  1.9 

17.03 

xxxxxxxx 

72.00 

0.  17 

15.52 

xxxxxxx 

84.00 

0.  15 

13.59 

xxxxxx 

96.00 

0.  11 

10.  13 

xxxxx 

120. 00 

0.04 

3.39 

X 

144.00 

0.01 

1.33 

180.00 

0.00 

0.  10 

240.00 

0.00 

0.00 

D 

HISTOGRRMME 

1.20 

4.4E-02 

71.24 

*********************************** 

3.60 

4.6E-02 

73.58 

************************************ 

6.00 

6.2E-02 

100. 00 

************************************************** 

8.40 

3.8E-02 

60 . 66 

****************************** 

10.80 

2.4E-02 

38.98 

******************* 

13.20 

1 . 8E-02 

28. 69 

************** 

15.60 

1.4E-02 

22.70 

*********** 

18.00 

9.7E-03 

15.62 

******* 

20.40 

1.2E-02 

18.54 

********* 

22.80 

1. IE-02 

17.88 

******** 

25.20 

7.4E-03 

11.82 

***** 

28.20 

8.6E-03 

13.82 

****** 

31.80 

7.4E-03 

11.97 

***** 

36.00 

7.0E-03 

11.24 

***** 

40.80 

7.0E-03 

11.24 

***** 

45.60 

3 . 6E-03 

5.73 

** 

51.00 

4.0E-03 

6.42 

*** 

57. 00 

4.9E-03 

7.85 

*** 

63.00 

3.7E-03 

5.90 

** 

69.00 

2.8E-03 

4.55 

** 

78.00 

l.SE-03 

2.32 

* 

90.00 

3. IE-03 

4.93 

** 

108.00 

3. IE-03 

4.96 

** 

132.00 

9.4E-04 

1.50 

162.00 

3.7E-04 

0.60 

210.00 

1.8E-05 

0.03 
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:ch. 


26293 


BLENDE 


GRflNULOMETRIE  LINER  I  RE 


D 

MOYENNES 

MICRONS 

<X> 

<X> 

0. 00 

2.45 

100.00 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

2.40 

o  oo 

IL.  ■  k— 

91.01 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

4.80 

2.04 

83.53 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

7.20 

1.78 

72.56 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

9.6.0 

1.53 

62.65 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

12.00 

1.36 

55.36 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

14.40 

1.24 

50.51 

xxxxxxxxxxxxxxxxxxxxxxxxx 

16.80 

1.12 

45.87 

xxxxxxxxxxxxxxxxxxxxxx 

19.20 

1.04 

42.35 

xxxxxxxxxxxxxxxxxxxxx 

21.60 

0.96 

39.11 

xxxxxxxxxxxxxxxxxxx 

24.00 

0.90 

36.58 

xxxxxxxxxxxxxxxxxx 

26.40 

0.83 

33.77 

xxxxxxxxxxxxxxxx 

30.00 

0.75 

30.55 

xxxxxxxxxxxxxxx 

33.60 

0.66 

27.03 

xxxxxxxxxxxxx 

38.40 

0.57 

23.32 

xxxxxxxxxxx 

43.20 

0.49 

19.82 

xxxxxxxxx 

48.00 

0.43 

17.49 

xxxxxxxx 

54.00 

0.37 

15.11 

xxxxxxx 

60.00 

0.32 

12.94 

xxxxxx 

66 . 00 

0.27 

10.99 

xxxxx 

72.00 

0.2  2 

8.90 

xxxx 

84.00 

0.  15 

6.29 

XXX 

96.00 

0.  10 

4.03 

XX 

120.00 

0.04 

1.43 

144.00 

0.02 

0.75 

180.00 

0.01 

0.35 

240.00 

0.00 

0.00 

D 

HISTOGRRMME 

1.20 

9.2E-02 

81.97 

**************************************** 

3.60 

7.6E-02 

68.20 

********************************** 

6.00 

1. IE-01 

100.00 

***********************************************"*■*"*■ 

8.40 

1.0E-01 

90.26 

********************************************* 

10.80 

7.4E-02 

66.48 

********************************* 

13.20 

4.9E-02 

44.  17 

********************** 

15.60 

4.7E-02 

42.32 

********************* 

18.00 

3.6E-02 

32.11 

**************** 

20.40 

3.3E-02 

29.52 

************** 

22.80 

2.6E-02 

23.08 

*********** 

25.20 

2.9E-02 

25.64 

************ 

28.20 

2.2E-02 

19.56 

********* 

31.80 

2.4E-02 

21.36 

********** 

36.00 

1.9E-02 

16.92 

******** 

40.80 

1.8E-02 

15.94 

******* 

45.60 

1.2E-02 

10.65 

***** 

51.00 

9.7E-03 

8.68 

**** 

57.00 

8.8E-03 

7.90 

*** 

63.00 

7.9E-03 

7.  10 

*** 

69.00 

8.5E-03 

7.62 

*** 

78.00 

5.3E-03 

4.76 

90.00 

4 . 6E— 03 

4.  13 

** 

108.00 

2.6E-03 

2.37 

* 

132.00 

7 . 0E-04 

0.62 

162.00 

2.7E-04 

0.25 

210.00 

1.4E-04 

0.  13 
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LCH. 


26312 


19 


BLENDE 

GRflNULOMETRIE  LI  HER  I  RE 


D  MOYENNES 

MICRONS  <5j> 


0. 00 

0 . 66 

100.00 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

2.  40 

0.58 

88.56 

X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X X  X  X 

4.80 

0.53 

80.71 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

7.20 

0.45 

68. 60 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

9. 60 

0.38 

57.76 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

12.00 

0.32 

48.06 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

14.40 

0.27 

41 . 45 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

16.80 

0.24 

36.02 

xxxxxxxxxxxxxxxxxx 

19.20 

0.21 

32.27 

xxxxxxxxxxxxxxxx 

21.60 

0.20 

39.99 

xxxxxxxxxxxxxx 

24.00 

0.  18 

27.65 

xxxxxxxxxxxxx 

26.40 

0.17 

25.52 

xxxxxxxxxxxx 

30.00 

0.14 

22.01 

xxxxxxxxxxx 

33.  60 

0.13 

19.40 

xxxxxxxxx 

38.40 

0.11 

17.13 

XX XX XX XX 

43.20 

0.  10 

14.51 

xxxxxxx 

48.00 

0.08 

12.00 

XXX  XX 

54.00 

0 . 06 

9.36 

xxxx 

60.00 

0. 05 

7.32 

XXX 

66.00 

0.04. 

5.43 

XX 

72.00 

0.03 

3.85 

X 

84.00 

0.01 

2.27 

X 

96.00 

0.01 

1.03 

120.00 

0.  00 

0.  10 

144.00 

0.00 

0.00 

180.00 

0.00 

0.00 

240.00 

0.00 

0.00 

D  HISTOGRRMME 


1.20 

3. IE-02 

94.46 

**  *  * *****  * *  * **  * *  * * * ********* ** ******  ******  ** *** 

3 . 6  0 

2.2E-02 

64.89 

******************************** 

6.00 

3.3E-02 

100.00 

************************************************** 

8.40 

3.0E-02 

89.56 

******************************************** 

10.80 

2.7E-02 

80. 05 

**************************************** 

13.20 

1.8E-02 

54.58 

*************************** 

15.60 

1.5E-02 

44.86 

********************** 

18.00 

1 . 0E-02 

30.98 

*************** 

20.40 

6.3E-03 

18.86 

********* 

22.80 

6.4E-03 

19.34 

********* 

25.20 

5.8E-03 

17.54 

******** 

28.20 

6.4E-03 

19.34 

********* 

31.80 

4.8E-03 

14.34 

******* 

36 . 00 

3. IE-03 

9.40 

**** 

40.80 

3.6E-03 

10.83 

***** 

45.60 

3. 4E-03 

10.37 

***** 

51 . 00 

2.9E-03 

8.72 

**** 

57.00 

2.2E-03 

6.71 

*** 

63.00 

2. IE-03 

6. 26 

*** 

69.00 

1.7E-03 

5.21 

** 

78.00 

8.7E-04 

2.61 

* 

90.00 

6 . 8E-04 

2.06 

* 

108.00 

2.5E-04 

0.77 

132.00 

2.7E-05 

0.08 

162.00 

0 . 0E+00 

0 . 00 

210.00 

0 . 0E+00 

0 . 00 
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ECH.  26367  20 

CHRLCO 


GRRNULOMETRIE  LINERIRE 


D 

MOYENNES 

MICRONS 

(7.) 

OO 

0.  00 

7.71 

100.00 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  xxx 

2.40 

7.24 

93.93 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XX 

4.80 

6. 70 

86 . 88 

X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X X  X X  X  X  X X  X  X 

7.20 

6.01 

77.91 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

9.60 

5.25 

68.04 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

12.00 

4.71 

61.11 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

14.40 

4.31 

55.94 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

16.80 

3.95 

51.22 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

19.20 

3.69 

47.88 

xxxxxxxxxxxxxxxxxxxxxxx 

21.60 

3.47 

44.99 

xxxxxxxxxxxxxxxxxxxxxx 

24.00 

3.27 

42.45 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX 

26.40 

3.09 

40.  13 

XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

30.00 

2.88 

37.37 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

33.60 

2. 67 

34.69 

xxxxxxxxxxxxxxxxx 

38.40 

2 . 46 

31.85 

xxxxxxxxxxxxxxx 

43.20 

2.30 

29.77 

xxxxxxxxxxxxxx 

48.00 

2.  14 

27.82 

xxxxxxxxxxxxx 

54.00 

2.01 

26.02 

xxxxxxxxxxxxx 

60 . 00 

1.86 

24.18 

xxxxxxxxxxxx 

66.00 

1 . 76 

22.86 

xxxxxxxxxxx 

72.  00 

1 . 66 

21.57 

xxxxxxxxxx 

84.00 

1.51 

19.55 

xxxxxxxxx 

96.00 

1.33 

17.28 

xxxxxxxx 

120. 00 

1.10 

14.21 

xxxxxxx 

144.00 

0.87 

11.24 

xxxxx 

180.00 

0.62 

8.03 

xxxx 

240.00 

0.36 

4.64 

XX 

D  HISTOGRRMME 


1.20 

2.0E-01 

61.50 

****************************** 

3 . 60 

2.3E-01 

71.43 

*********************************** 

6.00 

2.9E-01 

90.88 

********************************************* 

8.40 

3.2E-01 

100.00 

************************************************** 

1  0 . 80 

2.2E-01 

70.21 

*********************************** 

13.20 

1.7E-01 

52 . 38 

************************** 

15.60 

1.5E-01 

47.82 

*********************** 

18.00 

1. IE-01 

33 . 84 

**************** 

20.40 

9.3E-02 

29.28 

************** 

22.80 

8.2E-02 

25.73 

************ 

25.20 

7.5E-02 

23.51 

*********** 

28.20 

5.9E-02 

18.64 

********* 

31 . 80 

5.7E-02 

18.  10 

********* 

36.00 

4.6E-02 

14.39 

******* 

40.80 

3.3E-02 

10.54 

***** 

45.60 

3. IE-02 

9.88 

**** 

51.00 

2. 3E-02 

7.29 

*** 

57.00 

2.4E-02 

7.46 

*** 

63.  00 

1 .7E-02 

5 . 35 

** 

69.00 

1.7E-02 

5.23 

** 

78.00 

1.3E-02 

4 . 09 

** 

90.00 

1.5E-02 

4.60 

** 

108.00 

9.9E-03 

3.11 

* 

132.00 

9.5E-03 

3.01 

* 

162.00 

6.9E-03 

2.  17 

210.00 

4.4E-03 

1.37 
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CHRLCO 

GRRNULOMETRIE  LI  HER  I  RE 


D 

MGYENNES 

MICRONS 

<7.) 

0.00 

5. 46 

100.00 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

2.40, 

5.  18 

94.80 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

4.80 

4.82 

88.33 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

7.20 

4.31 

78.93 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

9.60 

3.91 

71.58 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

12.00 

3. 58 

65.62 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

14.40 

3.30 

60 . 36 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

16.80 

3.05 

55.78 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

19.20 

2.81 

51.38 

xxxxxxxxxxxxxxxxxxxxxxxxx 

21.60 

2.61 

47.74 

xxxxxxxxxxxxxxxxxxxxxxx 

24.00 

2.43 

44.50 

xxxxxxxxxxxxxxxxxxxxxx 

26.40 

2.27 

41.57 

xxxxxxxxxxxxxxxxxxxx 

30.00 

2.08 

38.03 

xxxxxxxxxxxxxxxxxxx 

33.60 

1.86 

33.98 

xxxxxxxxxxxxxxxx 

38.40 

1.64 

30.03 

xxxxxxxxxxxxxxx 

43.20 

1.47 

26.99 

xxxxxxxxxxxxx 

48.00 

1.31 

23.95 

xxxxxxxxxxx 

54.00 

1 .  16 

21.26 

xxxxxxxxxx 

60.00 

1.03 

18.83 

xxxxxxxxx 

66 . 00 

0 . 93 

17.04 

xxxxxxxx 

72.00 

0.83 

15.  11 

xxxxxxx 

84.00 

0.69 

12.59 

xxxxxx 

96.00 

0.58 

10.60 

xxxxx 

120.00 

0.39 

7.07 

XXX 

144.00 

0.23 

4.26 

XX 

180.00 

0.  13 

2.29 

X 

240.00 

0.02 

0.38 

B 

HISTOGRRMME 

1.20 

1.2E-01 

55.32 

*************************** 

3.60 

1.5E-01 

68 . 83 

********************************** 

6.00 

2. IE-01 

100.00 

************************************************** 

8.40 

1.7E-01 

78.  19 

*************************************** 

10.80 

1.4E-01 

63.40 

******************************* 

13.20 

1.2E-01 

55.96 

*************************** 

15.60 

1.0E-01 

48.72 

************************ 

18.00 

1.0E-01 

46 . 8 1 

*********************** 

20.40 

8.3E-02 

38.72 

******************* 

22.80 

7.4E-02 

34.47 

***************** 

25.20 

6.7E-02 

31.17 

*************** 

28.20 

5.4E-02 

25.11 

************ 

31.80 

6. IE-02 

28.72 

************** 

36 . 00 

4.5E-02 

21.01 

********** 

40.80 

3.5E-02 

16.  17 

******** 

45.60 

3.5E-02 

16.  17 

******** 

51 . 00 

2.4E-02 

11.45 

***** 

57.00 

2.2E-02 

10.34 

***** 

63.00 

1.6E-02 

7.62 

*** 

69.00 

1 . 8E-02 

8.21 

**** 

78.  00 

1. IE-02 

5.36 

** 

90.00 

9. IE-03 

4.23 

** 

108.00 

8.0E-03 

3.76 

* 

132.00 

6 . 4E-03 

2.99 

* 

162.00 

3.0E-03 

1 . 40 

210.00 

1.7E-03 

0.81 
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■ECH. 

CHflLCO 


94  Sfl  33 


22 


GRRNULOMETRIE  LINEflIRE 


MOYENNES 


MICRONS 

<*> 

CO 

0.00 

47.45 

100.00 

4.88 

46 . 36 

97.71 

9.76 

45.31 

95.49 

14.64 

43.71 

92.  12 

19.52 

42.23 

89.00 

24.40 

40.87 

86.  14 

29.28 

39.  66 

83.59 

34.  16 

do.  58 

81.30 

39.04 

37.60 

79.25 

43.92 

36.64 

77.22 

48.30 

35.80 

75.45 

53.68 

34.88 

73.51 

61.00 

33.87 

71.39 

63.32 

32.83 

69.  18 

73.08 

31.58 

66.56 

87.84 

30.52 

64.31 

97.60 

29.51 

62 . 28 

109.30 

28.40 

59.85 

122.00 

27.29 

57.51 

134.20 

26.34 

55.51 

146.40 

25. 3& 

53.43 

170.80 

23.88 

50.32 

195.20 

22.33 

47.06 

244.00 

19.81 

41.75 

292.80 

17.70 

37.30 

366.00 

14.93 

31.47 

488.00 

11.10 

23.39 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXfcXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxx 

xxxxxxxxxxx 


HISTOGRRMME 


2.44 

2.2E-01 

67.96 

7.32 

2.2E-01 

65.87 

12.20 

3.3E-01 

100.00 

17.08 

d . 0E-0 1 

92.58 

21.96 

2.8E-01 

84 . 87 

26.84 

2.5E-01 

75.67 

31.72 

2.2E-01 

67.95 

36.60 

2. 0E-01 

60 . 83 

41.48 

2.0E-01 

60.24 

46 . 36 

1.7E-01 

52.52 

51.24 

1.9E-01 

57.57 

57.34 

1.4E-01 

41.94 

64 . 66 

1.4E-01 

43.72 

73.20 

1.3E-01 

38.87 

82.96 

1. IE-01 

33 . 38 

92.72 

1.0E-01 

31.30 

103.70 

9. IE-02 

27.89 

115.90 

9. IE-02 

27 . 78 

128. 10 

7.8E-02 

23.74 

140. 30 

7.9E-02 

24.09 

158.60 

6. IE-02 

18.75 

183.00 

6.3E-02 

19.35 

219.60 

5.2E-02 

15.76 

268.40 

4.3E-02 

13.20 

329.40 

3.8E-02 

11.53 

427.00 

3. IE-02 

9.59 

**************** 

**************** 

**************** 

**************** 

**************** 

**************** 

**************** 

**************** 

**************** 

**************** 

**************** 

**************** 

**************** 

**************** 

**************** 

*************** 

************* 

************* 

*********** 

************ 

********* 

********* 

******* 

****** 

***** 

**** 


***************** 

**************** 

********************************** 

****************************** 

************************** 

********************* 

***************** 

************** 

************** 

********** 

************ 

**** 

***** 

*** 
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GRRNULOMETRIE  LINER  I  RE 


II 

MOYENNES 

MICRONS 

CO 

0.00 

19.75 

100.00 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

4.  88r 

18.83 

95.33 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

9.76 

17.88 

90.54 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

14.64 

16.53 

83.69 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

19.52 

15.40 

77.97 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

24.40 

14.49 

73.39 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

29.28 

13.77 

69.71 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

34.  16 

13.  16 

66 . 64 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

39.04 

12.62 

63.90 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

43.92 

12.  14 

61.47 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

48.80 

11.73 

59.40 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

53. 6  8 

11.35 

57.45 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

61 . 00 

10.84 

54.91 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

68.32 

10.37 

52.52 

xxxxxxxxxxxxxxxxxxxxxxxxxx 

78.08 

9.84 

49.80 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

87  •  84 

9.37 

47.46 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

97.60 

8.94 

45.25 

xxxxxxxxxxxxxxxxxxxxxx 

109.80 

8.43 

42.66 

xxxxxxxxxxxxxxxxxxxxx 

122.00 

7.91 

40.06 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

134.20 

7.5'0 

37.99 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

146.40 

7.  10 

35.94 

xxxxxxxxxxxxxxxxx 

170.80 

6. 38 

32.31 

xxxxxxxxxxxxxxxx 

195.20 

5.80 

29.36 

xxxxxxxxxxxxxx 

244.00 

4.87 

24.67 

xxxxxxxxxxxx 

292.80 

4.07 

20.62 

xxxxxxxxxx 

366. 00 

2.98 

15.  10 

xxxxxxx 

488. 00 

2.09 

10.59 

XX  XXX 

D 

HIST  OGRRMME 

2.44 

1 . 9E-01 

68.  18 

********************************** 

7.32 

1.9E-01 

69.92 

********************************** 

12.20 

2.8E-01 

100.00 

************************************************** 

17.08 

2.3E-01 

83. 50 

***************************************** 

21.96 

1 . 9E-01 

66 . 86 

********************************* 

26.84 

1.5E-01 

53.72 

************************** 

31.72 

1.2E-01 

44.81 

********************** 

36 . 60 

1. IE-01 

40.00 

******************** 

41.48 

9. 8E-02 

35.47 

***************** 

46 . 36 

8.4E-02 

30.22 

*************** 

51.24 

7.9E-02 

28.47 

************** 

57.34 

6.9E-02 

24.72 

************ 

64 . 66 

6.4E-02 

23.26 

*********** 

73.20 

5.5E-02 

19.85 

********* 

82.96 

4.7E-02 

17.08 

******** 

92.72 

4.5E-02 

16.  13 

******** 

103.70 

4.2E-02 

15.  12 

******* 

115.90 

4.2E-02 

15.  18 

******* 

128. 10 

3.4E-02 

12.09 

****** 

140.30 

3.3E-02 

11.97 

***** 

158.60 

2.9E-02 

10.60 

***** 

183.00 

2.4E-02 

8.61 

**** 

219.60 

1.9E-02 

6.85 

*** 

268.40 

1.6E-02 

5.91 

** 

329.40 

1.5E-02 

5.37 

** 

427.00 

7.3E-03 

2.63 

* 
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2CH. 


26295 


24 


CHflLCO 

GRRNULOMETRIE  LINER  I  RE 
D  MOYENNES 


MICRONS 

<■;> 

<*> 

0.00 

29.27 

100.00 

4.88 

28.87 

98.64 

9.76 

28.52 

97.42 

14.64 

28.02 

95.73 

19.52 

27.61 

94.32 

24.40 

27.28 

93.21 

29.28 

27.01 

92.29 

34.  16 

26.76 

91.43 

39.04 

26.52 

90.62 

43.92 

26.32 

89.91 

48.80 

26.  12 

89.22 

53.  68 

25.92 

88.54 

61.00 

25. 65 

87.65 

68.32 

25.35 

86.62 

78.08 

25.03 

85.53 

87.84 

24 . 66 

84.25 

97.60 

24.33 

83.  12 

109.80 

23.98 

31.93 

122.00 

23.59 

80.58 

134.20 

23 . 1 8 

79.  IS 

146.40 

22.79 

77.86 

170.80 

'21.98 

75.09 

195.20 

21.14 

72.22 

244.00 

19.58 

66.91 

292.80 

18.06 

61.70 

366.00 

15.92 

54.38 

488.00 

12.40 

42.36 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X.  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X X  X  X  X X  X  XXX  X  X  X  X  X  X X  X  X  X X  X  X  X X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X X  X X 
X  X  X  X  X  X  X  X  X X  X  X  X  X  X  X  X  X XXX  X  X  X  X X  X  X  X  X  X  X  X  X  X  X  X  X X  X  X X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X XXX  X  X  X  X  X  X  X  X  X  X  X  X X X  X  X  X  X X X X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X X  X  X X X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


X  XXX  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X X  X  X  X X  X  X  XXX 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  XXX  X  XXX  X  X  X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X  X 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxx 


D  HISTOGRRMME 


2.44 

7.32 

12.20 

17.03 

21.96 

26 . 34 

31.72 
36.60 
41.48 
46 . 36 
51.24 

57.34 
64.66 
73.20 

82.96 

92.72 
103. 70 
115.90 
128. 10 
140.30 

158.60 
183.00 

219.60 

268.40 

329.40 
427.00 


8.2E-02 
7.3E-02 
1.0E-01 
8. 5E-02 
6. 6E-02 
5 . 6  E  -  0  2 
5.2E-02 
4.8E-02 
4.3E-82 
4. IE-02 
4. IE-02 
3.6E-02 
4. IE-02 
3.3E-02 
3.9E-02 
3.4E-02 
2.9E-02 
3 . 2  E — 0  2 
3.3E-02 
3.2E-02 
3.3E-02 
3.4E-02 
3.2E-02 
3. IE -02 
2.9E-02 
2.9E-02 


80.40 
71.83 

100.00 

83.64 

65.33 

54.91 

50.87 
47.56 
42.  14 
40.48 
40.32 
35.  18 

40.40 
32.38 
37.96 
33.21 
28.28 

31.87 
33.02 
31.31 
32.80 
33.35 

31.42 
30.73 
28.86 

28.43 


**************************************** 

*********************************** 

************************************************** 

***************************************** 

******************************** 

*************************** 

************************* 

*********************** 

********************* 

******************** 

******************** 

***************** 

******************** 

**************** 

****************** 

**************** 

************** 

*************** 

**************** 

*************** 

**************** 

**************** 

*************** 

*************** 

************** 

************** 
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c-t-ol  1 


CHflLCO 

GRftNULOMETRIE  LI  HER  I  RE 
D  MOYENNES 


25 


MICRONS 

<X> 

<X> 

0.00 

42.63 

100.00 

4.88 

41.70 

97.83 

9.76 

40.87 

95.87 

14.64 

39.64 

92.99 

19.52 

38.53 

90.38 

24.40 

37.56 

88.  10 

29.28 

36.75 

86.21 

34.  16 

36.03 

84.52 

39.04 

35.38 

82.99 

43.92 

34.63 

81.24 

48.80 

33.95 

79.65 

53.68 

33.32 

78.  17 

61.00 

32.46 

76.  15 

68.32 

31.51 

73.93 

78.03 

30.39 

71.29 

87.84 

29.21 

68.53 

97.60 

28.  16 

66 . 06 

109.30 
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EXPLANATION 


Surficial  deposits 
INTRUSIVE  ROCKS 


White  to  yellowish  rhyolite  dike 
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Greenish  diabase  dike 


NUQRAH  FORMATION 

VOLCANOSEDIMENTARY  UNIT 


Volcanic  sandstone 


’0  °0H  Well-rounded  volcanic  conglomerate  with 
‘  n  °  Ql  pebbles  of  granite,  rhyolite,  and  red  jasper 

*  *1  Reworked  volcanic  breccia  with  coarse 

— - —  fragments  of  rhyolitic  tuff  and  red  jasper 


UNCONFORMITY 

ANDESITIC  SUBUNIT 


A  A 


Green  to  dark  andesitic  tuff  and  breccia 


AAA 
A  A 


Dacitic  breccia  with  local  intercalations  of 
flow-textured  rhyolitic  tuff  and  red  jasper 


Dacitic  tuff  with  coarse  quartz  crystals 
and  epidote 

UNCONFORMITY 

RHYOLITIC  SUBUNIT 


n  o 


Rhyolitic  tuff  intercalated  with 
calcareous  material 


Gray  to  red  jasper  or  chert 


*  x  x  Reddish  to  pinkish  rhyolite  with  quartz 
crystals 

Rhyolitic  crystal  and  lapilli  tuff  with 
rhyolitic  breccia  (  a  )  ..nd  well-bedded  tuff 
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MAP  SYMBOLS 
50?7  Strike  and  dip  of  bedding 


\  Strike  and  dip  of  schistosity 

- —  Geologic  contact 

Fault,  dashed  where  concealed 


Ancient  workings 


ALTERATION 


Chlorite,  sericite;  slight  bleaching 


Chlorite,  sericite;  strong  bleaching 
and  reddening 


MINERALIZATION 


Gossan  or  limonitic  mass 


Copper  occurrence 
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SCALE  1:1,000 


Surficial  deposits 


MAP  SYMBOLS 

Strike  and  dip  of  bedding 


INTRUSIVE  ROCKS 


Rhyolite  dike 


Microgranite  dike 


Microdiorite  dike 


NUQRAH  FORMATION 


^  Strike  and  dip  of  schistosity 


Strike  and  dip  of  joint 


Fault;  dashed  where  inferred 


SAT29  ,  -  3  Trench 


SA6 
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Drill-hole  location 


Dacitic  tuff  with  coarse  quartz  crystals 


Fine-grained  graphitic  tuffite 


Black  unaltered  flow-textured  rhyolite 


Gray  flow-textured  rhyolite  and  bedded  rhyolitic  tuff 


Interbedded  calcareous  lenses  (c)  and  marble  (m) 


Red  jasper  with  abundant  carbonates 


Rhyolitic  breccia  with  red  jasper  fragments 


Red  jasper 


Ancient  workings 


Limit  of  outcrop 


Track 


MINERALIZATION 


Gossan  or  limomtic  mass 


Hematite  vein 


Cu 

O  Copper  occurrence 


TOPOGRAPHY 


Contour  interval  10  m 


Green  rhyolite  with  quartz  crystals 


Contour  interval  2  m 


Wadi 


Rhyolitic  crystals  and  lapilli  tuff  (rt)  with  rhyolitic  breccia  (rb), 
undifferentiated  tuff  and  breccia  (rtb),  and  chloritic  tuff  con¬ 
taining  quartz  crystals  (ct)  displaying  strong  hydrolhermal 
alteration 
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